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ELECTRONICS AND THE LIVING PLANT
HOW TO MATCH SPEAKERS IN P.A. SYSTEMS
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600 BUCKS WORTH OF TV [
SET AND ANTENNA AND
STILL A LOUSY PICTURE !

HERE'S A GUY
WHO NEEDS BELDEN

ANTENNA LEAD-IN
CABLE /

)

Color or UHF set perfect? Antenna perfect? Then obviously
there’s a missing link. Check that antenna lead-in cable.
Old, worn-out, weather-beaten cable, or the ordinary flat
ribbon kind designed for black and white VHF, causes more
fuzzy, distorted pictures than you can count. It’s your
opportunity to upgrade these customers to a cable matched
to their particular signal reception situations. One of
Belden’s Big Four—the link to perfect reception.

a
[ FOR CONGESTED AREAS...

6290 SHIELDED
PERMOHAN

In congested, in-city areas, stray electrical interference and noise are

TP —T o ; at their worst. For perfect, all-82 channel receptior—color or B/W— u
LDED PERMOHM FOR 82 CHANNEL .

replace old cable with Belden's 8290 Shielded Permohm. Its aluminum
Beldfoil® shielding prevents pickup of ghost signals and electrical noise
by the lead-in. Weather-proof and water-proof. You can tape it right to E
the mast. Or install it underground, in conduits—even in rain gutters.

Nom. ~ Nom. ~ Nom. Nom. Attenuation Standard =
AWG & 0. D. Velocity of Capacitance per 100’ Package
(Stranding) Color (inch) Propagation (mmf/ft.) mc db Lengths in ft.
122.(7Z:x 30) Brown .305 69.8% 7.8 57 2 507, 75'; 100’ coils
E X 85 2.1 have terminals
515 177 B2, attached.
E Copperweld, 2 conductors, orange polyethylene insulation and web %;g ! gi Available in counter
between conductors, cellular poiyethylene oval insulation, Beldfoif 671 6.6 dispenser.
slj'ﬁeld. stranded tinned drain wire, poiyethylene jacket. 887 7.7 2507, 500' spool.
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FOR FRINGE AREAS...

42385 PERNOHM

Antenna cable in uncongested or fringe areas picks up littie
electrical interference. But does get a lot of weathering, which
degrades an aiready weak signal. These customers need
encapsulated cable. Belden 8285 Permohm. its special poly-
ethylene jacket protects the energy field, regardless of weather
conditions. It deivers the strongest signal of any unshielded
twin lead under adverse conditions. Requires no matching
transformers and connectors. For all 82 channels, color or B/W.

It N i Nom. Nom. Nom. Nom. Attenuation | Standard
AWG & C. D. Velocity of Capacitance per 100’ Package
7(Stranding) Color (inch) Propagation {mmf/ft.) mc db } Lengths in ft.
’- 22 (7 x 30) Brown .255 73.3% I 583 100 1.4, | 50, 75’, 100’ coils |
! X 300 2.8 have terminals |
‘ c Id, 2 conductors parallel I i d 390 3% ey
opperweld, 2 conductors parallel, orange polyethylene insulation an 3 : :
| web between conductors, celiular polyethylene oval jacket. 900 5.6 i glvsar;lear?slg;n countey
=¢ | i ’ 250", 500 coils and
\ | | | 1000’ spoci.

FOR LOCAL BLACK AND WHITE...

8275 CELLULINE"

Cracked, corroded, weathered cable, full of dirt and moisture,
loses signal strength; prevents any TV set from delivering a
AR e e~ T quality picture. Upgrade B/W VHF and local UHF customers
’_) R Wi g S iast ol to Belden 8275 Celluline. Performance is improved because

alt possible moisture between conductors has been elimi-
nated. Abrasion-resistant and weather-resistant for a long,

T e long service life. And, it requires no end sealing.
| e T Nom. Nom. I Nom. " Nom. Attenuation | " Standard
‘ AWG & 0. D. Velocity of Capacitance per 100’ Package
(Stranding) Color | (inch) ] Propagation l (mmf/ft.) | mc db Lengths in ft. 4]
| 20(7x28)  Brown .300 | 8C9% | 4.6 100 1.05 50, 75, 100" coils |
- X i | 200 1.64 in counter dispenser.
400 i 1 09 N 250, 5007, 1000’
[ Bare copperweld; 2 conductors parallel, polyethylene jacket with inert 500 2.88 spools.
gas filled unicetliular polyethylene core. | 700 3.62
| 300 4.3 i i
y FOR MATV AND CATV... \
o ®
8228 DUOFOIL COAX
%r,,_, 11 4 4 A
T
Got an apartment or townhouse complex in your area? Motels JIS AT _Q;r.l_..

or hotels? Or is CATV coming? Use Belden's new 75 ohm s Ve fARG = AT
coaxial cable—8228 Duofoil. Shielding is 100%—sweep tested . Ui

100%. Spiral wrapped drain wires provide long flex life. Small
diameter saves space in conduit instailations. Use Duofoil
for all coaxial color and B/W VHF, UHF and CATV applications.

AWG & 0. D. Velocity of Capacitance per 100’ Package
(Stranding) Color (inch) Propagation Lengths in ft.
1 100°, 500', 1000
spoois. |

T RN Y Nom. I Nom. | Nom. Attenuation “Standard

(mmf/ft.) | mc

18 Black | 242 78% | 17.3 50
Solid, Bare | 100

o
o
o
QAR PWWN| o
VEOVMOMB- | T

write: Belden Corporation, P.O, Box 5070-A,
Chicago, lllinois 60680.

D'

o
' See your local Belden distributor for full
& details or to order. For a free copy of the BEl DE
o recent reprint article, *‘Electronic Cable,”
C 862 A

CIRCLE NO. 145 ON READER SERVICE CARD
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The sensibly priced tape cassette

...from MALLORY.

Just what you've been waiting for. The new Matlory
DURATAPE"™ Cassette.

You get the quality and performance of expensive tape
cassettes at a nice, lots-less price. But not the poor
performance or the problems of the special-discount
cheapies.

And since they’re from Mallory — a company long
known for quality electronic products—you can expect
high fidelity, smooth operation, and long reliability. And
getit... every time!

MALLOR

They’ll fit any cassette recorder, player, cassette-
radio. Even the new cassette changers. And you pick the
recording time: 30, 60, 90, 120 minutes.

Our DURATAPE™ Cassettes are tough but we put them
in unbreakable, easy-to-stack containers just for extra
protection. Like in the rain or through the mail.

And we make a head cleanerthat's perfect for Cassette
Recorders, too.

You'll find this great new thing in sound wherever
Mallory products are sold.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P. R. MALLORY & CO. INC.

Box 1568. Indianapolis. Indiana 46208; Telephone: 317-636.6353

Batteries o Capacitors  Cassette Tapes

Controls e Resistors e Semiconductors e Sonalert® e Switches » Timers o Vibrators e |Cs

CIRCLE NO. 121 ON READER SERVICE CARD
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Electronies Worlc

THIS MONTH'S COVER
shows a grouping of printed-
circuit cards that are used
as internal circuitry in IBM
System /360 computers.
The cards have been color-
fully lighted in order to pro-
duce a rather striking photo-
graph. The cover ties in with
this month’s Special Section
on “‘Printed Circuits,”” which
consists of eight feature
stories dealing with all the
important aspects of this
interesting topic. The photo-
graph was taken by Charles
W. Kelley, Jr., staff photog-
rapher, IBM, Endicott, N.Y.
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Electronics World: Published monthly by Ziff-Davis Publishing Company at 307 North Michigan Ave.. Chicaro
Illinois 60601. One year subscription $6.00. Second Class Postage paid at Chicago, Illinois and at additional

Electronics World

OCTOBER 1969 VOL. 82,

CONTENTS

Electronics and the Living Plant L. George lawrence

Do plants have human-like emotions that can be used with electronic
equipment for developing exotic sensing and control systems? Here is
some of the research being done by investigators along these lines.

Color Code Charts
Recent Developments in Electronics

Speaker-Matching Problems in P.A. Systems  Abroham B. Cohen

This is Part 2 in our series on modern p.a. sound-system practices, covering
the methods used to interconnect loudspeakers to the p.a. amplifier. Impedance
matching, the use of transformers, and the constant-voltage system are described.

SPECIAL SECTION: PRINTED CIRCUITS

37 Printed-Circuit Technology
42 High-Density PC Boards

Saol DiNvzzo

Hol R. Roffmann, Jr.

44 Printed-Circuit Laminates Norman A Skow
47 Computer-Designed PC Boards ). A Bover
50 Conformal Coatings for Printed Circuits Victor Leibmonn

52 Connectors for PC Boards  Philip C. Hecker & Charles T. Novak
55 Dry Process for Making PC Boards
56 Printed-Circuit Kits for Short Runs
58 Flexible Printed Wiring

Donald L. Steinbach

Goetano T. Viglione

Breadboard Circuits from PC Boards /. M. Firrh
Hi-Fi Show Seminars Program
Sales of Pre-Recorded Tapes Soar
SCS Crystal-Controlled Oscillator

Variable-Rate Windshield Wiper

Frank H. Tooker
Sandor Mentler
Electrolytic-Capacitor Tester  D. F. Fleshren

Repetitive Ramp Generator  Arthur Buins

EW Lab Tested

Dynaco A-25 Speaker System
Shure M92E/M93E Phono Cartridges

Medical Electronics Servicing  Jonn Frye
Test Equipment Product Report
B&K Model 415 Sweep/Marker Generator
Leader Mode! LTC-901 Transistor Tester
Hewlett-Packard Mode!l 204D Audio Oscillator

MONTHLY FEATURES

Coming Next Month 17 Reflections on the News
Letters From Our Readers 92 Book Reviews
Radio & Television News o4 New Products & Literature

mailing offices. Subscription service and Forms 3579: Portland Place. Boulder. Colorado 80302.
Copynght © 1969 by Zift.Davis Publishing Company. All rights reserved.
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In ONE Educotionol Progrom Eorn BOTH Your

F.C.C. LICENSE

And Your

A. S. E. E.

{Associcte in Science in Electron’cs Ergincering)

DEGREE

o an clectronics carcer today. an FCC license is impor-
lant — sometimes essential — but its not enough! Without
further education. you can’'t make it to the top. Get vour
1"CCicense without fail, but don't stop there, To pre
for a still better position, continue vour clectronics edu-
cation and carn vour Associate in Scicnce Degree in
Ilecironics Engineering,

This is the commaon-sense approach for those who
wint to make both moncey and reputation in the ¢xpand-
ing ficld of clectronies. Also, it makes good sense to pre=
pare for vour FCC license with the School that gives
degree credit for vour license training —and with the
School that can then take you from the FCC license leyel
to the Degaree level.

The fome-sudy progeam which accomplishes hoth of
these objectives s the Grantham Associate-Degree Pro-
gram in Blectronies Engineering. This educational pro-
2ram consists of o total of 370 correspondence lessons,
followed by a two-week period of review and evaluation
at the School, The prerequisite for enrollment is high
school graduation (or cquivalent) and at least one full
vear of eaperience as an clectronics technician, Upon
completion of the first 160 correspondence Jessons. you
are prepared for your first class FOC ticense and radar
endorsement. Then. upon completion of the remainder
of the program, vou are anarded the ASEE Degree.

This accredited ASEE Degree program cosers i revi
of basic clectronic circuits and systems, applicd eny
neering mathematics (including algebra. trigonome
analvtic geometry, and caleulusy. classical and modern |
physies. weehnical writing. computer systems, cleetrical
networks, and semiconductor circuit analvsis and desion. |
The ASEE Degree is awarded upon satisfactory comple-
tion of the 370 correspondence fessons and the final two-
week resideney at the Sehool,

Accreditation and G.1. Bill Approval
Grantham School of Engineering is accredited by |
the Acerediting Commission of the National !
Home Study Council. is approved under the G.1.
Bill. and is anthorized under the laws of the State
of California to grant academic degrees,

Grantham School of Engineering
emikn o Established in 1951 »

;‘ NG %:: 1505 N. Westf:rn Ave.
5 !m! g Hollywood, Calif. 90027
?’%, : & Telephone:

(213) 469-7878
Mail the coupon below for our free Bulletin.

s, o
‘Oary 5TV

I ——————
: Grantham School of Engineering  cw.10.5s {

| 1505 N. Western Ave., Hollywood, Calif. 90027 |

I . . |
| Please mail me your free Bulletin, which expluins how

[ the Grantham educational program cun prepare me for

I my FCC license and Assoviate Degree. 1 understand no

: salesmun or counselor will call.

|

|

| Name __Age

1

'

I Address i

|

! City _ State Zip

| !
e e e o
4

COMING
NEXT
MONTH

SPECIAL FEATURE ARTICLE:

OSCILLOSCOPES

Like Paris fashions, there are new design trends in oscilloscopes—from those used in
service shops to the most sophist.cated types used in research and development work. To
keep abreast of these changes, don't miss Tektronix lames W. Griffin's lead story on New
Design Trends in Oscilloscopes. He and his colleagues from Hewlett-Packard, Heath,
Honeywell, and Telonics cover the new units in depth.

THE ELECTRONICS OF VIDEO TAPE RECORDER

CORRGSION DIRECTORY

The role played by electronics in caus-  An up-to-the-minute listing of all the
ing and/or minimizing corrosion—espe-  currently available, low-cost VIR’s suit-
cially as related to narine environments  able for home and/or industrial appli-

—is covered by Dr. William P. Ferren  cations.
of Wagner College.
CLOSED-BOX
MICROSTRIPLINE SPEAKER SYSTEMS
PARAMETERS So many readers have ecxpressed in-

terest in building their own acoustic-
suspension speaker systems that Hugh
Morgan of University Sound has come
up with the details. Practical informa-
tion on cabinet structure and propor-
tions are included, along with theoreti-
cal considerations.

Having advantages of small size and
light weight compared to microwave
“plumbing,” the microstripline tech-
nique is used in airborne microwave
and radar systems in conjunction with
hybrid microelectronies. Leon Sales of
Lockheed tells you all about it.

All these and many more interesting and  informative articles will be yours
in the November issuc of ELECTRONICS WORLD . . . on sale October 16th.
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!Eggnial introductory offer to new members of the

VLUUSJTUE

For trial
membership take

Values up
to $12.50

1 s from
Library Group A

1A850 MATHEMATICS FOR ELECTRONICS WITH APPLI-
CATIONS by H. M. Nodelman and F. W. Smith.
Pub. price, $8.00. Club price, $6.80

1##A896 BASIC PULSE CIRCUITS by R. Blitzer. Pub.
price, $8.50. Club price, $7.25

#A530 PROJECT ENGINEERING by V. Hajek. Pub.
price, $9.75. Club price, $8.30

##A355 FIELD-EFFECT TRANSISTORS by L. J. Sevin.
Pub. price, $10.00. Club price, $8.50

#A475 MOSFET IN CIRCUIT DESIGN by R. H. Craw-
ford. Pub. price, $10.00. Club price, $8.50

#A142 TUNNEL-DIODE AND SEMI-CONDUCTOR CIRCUITS
by J. M. Carroll. Pub. price, $11.00. Club price,
$9.35

17509 MATHEMATICS MANUAL by F. S. Merritt. Pub.
price, $11.95. Club price, $10.15

#+A955 ELECTRONIC TESTING by L. L. Farkas. Pub.
price, $12.00. Club price, $10.25

#tA144 DESIGN MANUAL FOR TRANSISTOR CIRCUITS

by J. M. Carroll. Pub. price, $12.50. Club price,
$10.65

YOUR BONUS BOOK comes with your first selection
YOUR FIRST CLUB SELECTION available from any Library Group above

HERE is a professional book club designed to meet day-to-day
engineering needs by providing practical books in your field
on a regular basis at below publisher prices.

How the club operates: Basic to the Club’s serviee is its publica-
tion, the Electronics ard Control Engineers’ Book Club Bulletin,
which brings you news of books in your field. Sent to members
without cost, it presents in detail the featured book of the month
as well as many alternate selections also available at special

members’ prices.

ELECTRONICS AND CONTROL
ENGINEERS’ BOOK CLUB

For trial
membership take

Values up
to $16.50

Choosa bonus from
Library Group B

#B978 TRANSFORMERS FOR ELECTRONIC CIRCUITS
by N. R. Grossner. Pub. price, $14.00. Club
price, $11.90

#B905 INTRODUCTION TO RADAR SYSTEMS by M. L
Skolnik. Pub. price, $14.50. Club price $12.35

#B677 DATA TRANSMISSION by W. R. Bennett.
Pub. price, $14.50. Club price $12.35

#B270 MICROWAVE MEASUREMENTS by E. L.
Ginzton. Pub. price, $16.50. Club price $14.05

#B310 AUTOMATIC FEEDBACK CONTROL SYSTEMS by
J. G. Truxal. Pub. price, $16.50. Club price,
$14.05

#B690 MODERN OPTICAL ENGINEERING by W. J.
Smith. Pub. price, $16.00. Club price, $13.60

#737 TRANSISTOR CIRCUIT DESIGN by Texas Instru-
ments, Inc. Staff. Pub. price, $16.50. Club price,
$14.05

#B981 DIGITAL COMPUTER AND CONTROL ENGINEER-
ING by R. S. Ledley. Pub. price, $16.50. Club
price, $14.05

For trial
membership take

ANY ONE
00

Values up
to $37.50

Choose banus from
Library Group C

#0509 ELECTRONIC AND RADIO ENGINEERING by
F. E. Terman. Publisher's price, $19.50. Club
price, $16.55

#0861 FLUID AMPLIFIERS by J. M. Kirshner. Pub.
price, $17.75. Club price $15.10

#6381 PULSE, DIGITAL, AND SWITCHING WAVEFORMS
by J. Millman and H. Taub. Pub. price, $18.00.
Club price, $15.30

#6360 ELECTRDNIC ANALOG AND HYBRID COMPUTERS
by G. A. Korn and T. M. Korn. Pub. price, $18.75.
Club price, $15.95

#C085 DIGITAL AND SAMPLED-DATA CONTROL SYS-
TEMS by J. T. Tou. Pub. price, $19.75. Club price,
$16.75

#C€304 HANDBOOK OF SEMICONDUCTOR ELECTRONICS
2/e by L. P. Hunter. Pub. price, $22.50. Club
price, $19.10

#0290 ANTENNA ENGINEERING HANDBOOK by H.
Jasik. Pub. price, $27.75. Club price, $23.60

#C371 SYSTEM ENGINEERING HANDBOOK edited by
R. E. Machol. Pub. price, $29.50. Club price,
$25.00

#€503 AMPLIFIER HANDBOOK by R. F. Shea. Pub.
price, $37.50. Club price, $29.50

You can save time and money by using this coupon to join today

prices.

—————— - NEVER A MEMBERSHIP FEE

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB
582 Princeton Road, Hightstown, N.J. 08520

Write Code No. of
bonus book
here

[ ]

Please enroll me as 8 member of the Electronics and Control Engi-
neers’ Book Club and send me the two books indicated below. I am
to receive the bonus book at the special Library Group price and
my first selection at the special Club price. These books are to be
shipped on approval, and I may return them both without cost or
further obligation. If T decide to keep the books, I agree to pur-
chase as few as four additional books during the next two years at
special Club prices guaranteed to be about 169, under publisher

Write Code No. of
first selection

——————————————_——— ————1

1
1
]
|
|
|
|
|
|
|
|
|

here |
|
|
|
|
|
|
|
|
|
|
|

Name
When you want to examine the Club’s As a member, you agree only to take
featured book, you do nothing. It will four books in two years. Considering Address,
be mailed as a regular part of your the many essential books published in
Club service. If you prefer ane of the your field, there will surely be at least City
alternate selections—or if you want four that you would want to own
no book at all for that month—you let anyway. By joining the Club, you State Zip.
us know by returning the canvenient save both money and the trouble of (Offer good in U.S. and Canada only.) E33115
card enclosed with each Bulletin. searching for the best books. L —_——— ——

October, 1969
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AMPLIFIER
SHOPPING?

Try this chedklist

£R THE SOUND?

¢ distortion
centuated evenly

DOES 1T ALT
[ 1ow harmont
[(Jait sounds &

esponse) -
%az:c;eqzate power 10 handle to

jon and
dynamic range (note percussnore s
Y
p\ucked strings,
times more power) i
DOES VT ADD SOUNDS (0]
m
Ono audible 60-cy<f\e hu
{T] no power line noises "
\TH
ES T SOUND NATURAL W
0
2PEAKERS? i
(B pract'\ca\ perfor

(many ampPit’
Spec]f.\cat\

which requi

S OWN?

ance, not the-
lifiers quoting

oref\Ca‘ ons with 2@

ut proven design
anty protectio®

If you can check off all these
points, then you're looking at a
CROWN DC300 Amplifier - the
industry standard. Experience the
notable difference at your audio
specialist today. For a brochure and
High Fidelity DC300 Egquipment
Report, write CROWN, Box 1000,
Elkhart, Indiana, 46514. [Watch

for the unveiling of CROWN's new
Master

Control - a new-concept
control center in the DC300 tra.
dition of quality.]

CIRCLE NO. 140 ON READER SERVICE CARD
6

LETTERS
FROM OUR
READERS

| RECEIVERS FOR CATV
To the Editors:

| Ithoroughly enjoy Mr. Frve's articles
and ordinarily have no reason to doubt

I the accuracy of his conclusions. In the
Tune issue, however, he stravs a little far
afield, and I hasten to point out state-
ments entirely accurate in theory but
wrong in application.

CATV receivers are simply the last

| active device in a series. The average

receiver on a CATYV system is perhaps
twenty amplifiers “deep” and, since
noise increases 3 dB with each doubling
ol amplifiers, faces a totally different
situation than an antenna-fed receiver.
Practically, we find color receivers de-
manding levels of +6 to +10 dB for
truly “quiet” pictures. As a result, Mr.
Frye’s statement that noise figure is un-
important on a CATV system is highly
misleading. f anything, the CATV re-
ceiver requires an improved noise figure.
Again, with a.g.c., solid-state tuners
are highly sensitive to overload. CATV
systems have been laid out for minimum
levels of 1000 £V or “0 dB” but are now
being upgraded to minimums of +6 dB
for better color. Maximums may easily
run +20 dB or 10,000 «V in order to
attain these minimums. Without a.g.c.
operative over a 30-dB range, Mr. Frye's
design would be in serious tronble. “Ful-
Iv loaded™ systems of 12 udjuacent chan-
nels would cross-modulate badly  at
about +10 dB or 3000 xV and would be
down in the “snow” at —3 dB or 700 xV.
As for syne, it is entirely untrue that
syvnc is unaffected by the amplifiers. The
~tact s that some “clipping” or “com-
pression” occurs through every active
device and CATV receivers must have
superior sync stabilizing circuitry,
Privie D. HasxLiN, PrEes.
Hamlin International Corp.
Seattle, Wash.

Reader Hamlin heads a company that
makes special CATV receivers mainly
for the Canadian market.—Editors

* *® *
OLDEST SERVICE ASSOCIATION
To the Editors:

I take great issue with vour paragraph
on the “Country’s Oldest Service Asso-
ciation” in July’s “Radio & Television
News” column.

[ was secretary and vice president

{ of the oldest radio amateur association,

WWW . americanradiohistorv.com

the Delaware Vallev Radio Association
(Trenton, N. J.). for quite u number of
vears. This association started in 1930
and shortly thereafter the Rudio Service-
men’s  Association (also of Trenton)
joined the amateur societv—then broke
away in 1935 because of the friction be-
tween the professionals and the amateur
societies  (although about half of the
servicemen then were radio amateurs).
Josernn T. Beck
Beck Radio
Tampa, Fla.

Our column indicated that Associ-
ated Radio-Television Service Dealers
(ARTSD) of Columbus, Ohio, founded
in 1944, was the forcrunner of today’s
sercice associations. Perhaps our head-
ing should have said “one of the oldest
and still in existence.”—Editors

* ® *
ATOMIC RADIATION
To the Editors:

Many thanks for your series on atomic
radiation. There is precious little litera-
ture being published on this subject in
technical magazines.

Please note the photomultiplier cir-
cuit shown on p. 47 in the June issue.
This circuit apparently has two errors:
(1) The voltage divider network is not
grounded. (2) The high voltage seems
to be applied incorrectly. According to
the way it is shown, the anode will be at
the same or lower potential than the final
dyvnode. In either case, the anode will
be ineffective in multiplving and collect-
ing current.

Wicriaar C. PATES
Metairie, La.

The schematic diagram shown was
only a partial one which is why the
ground was omitied, However, it would
have been better to show a ground con-
nection. Reader Pates is quite correct in
that the point of highest voltage should
have been at the anode, rather than at
the final dynode.—Ecditors

* * *
PRE-TRANSISTOR TRANSISTOR
To the Editors:

After many months of searching, 1
can quiet the nagging in the hack of
my mind. T have located the reference
I needed to comment upon the article
“Transistor’s 20th Anniversary” which
appeared in one of yvour past issues.

ELECTRONICS WORLD
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United States Patent No. 1.745.175
titled “Method and Apparatus for Con-
trolling  Electric Current” was issued
January 28, 1930 to Julius Edgar
Lilienfeld of Brooklyn. New York, ap-
plication for which was filed October
8. 1926. A previous application had
been made in Canada on October 22,
1925,

The drawing of the device is ve-
markable i its similarity to that used
in Dbasic texts to explain the operation
of an n-p-n junction transistor. Includ-
ed in the application was what would
appear to be a four-transistor radio re-
ceiver. | wonder what the state-of-the-
art might be today if the twenty vears
for development of this device had not
been lost in the shuflle.

Rosert |. MoHRaANN
Buzzards Buv. Mass.
* * *
TAPE-RECORDER CROSSTALK
To the Editors:

Recently I adjusted the azimuth set-
ting on the record, plavback head in
my half-track tape recorder. Since then,
I note that a recording made on one
track comes through on the other track
of the tape.

Ravaronp BovLe
Smithtown, N. Y.

You may have adjusted your azi-
muth  okay but you also  probably
slightly lowcered  the  record playback
Licad at the same time. As a result, the
Jringing magnetic field is spilling over
from one track to the other. Try raising
the head slightly, using the adjustinent
screws, without changing the azbnuth
setting. The height showld be such that
the top of the head’s pole picces are
just a couple of hairs (about 6 mils)
below the top tape edge—Editors

BRITAIN AND THE CONCORDE
To the Editors:

The first item in vour “Reflections on
the News™ colummn [or July appears to
contain an ervor on line 10 regarding
Britain's withdrawal from the Concorde
supersonic-transport  program. To the
best of owr knowledge, Great Britain
did not withdraw from the Concorde
program but from the A300 airbus pro-
gram (ITawker Siddeley Aciation). The
A300 will be a standard high-density
type airbus (not SST) which continues
to be developed by Sud Aciation and the
German Airbus Company.

Apnriax M. ZerreRT, Supervisor

General Aviation Sales

Bendix International

New York, N. Y.
* *

SENCORE SM152 PRICE
We have been informed by the manu-
facturer that the price of the Sencore
Model SM132 sweep/marker generator
is now $395 rather than $349.50 as
given in our August Test Equipment
Product Report.—Editors

October, 1969

1-2-3-4 Servicing Automobile Stereo
The '*1-2-3-4 Method’ is a simple, logical step-
by-step process which helps do the servicing
job in the easy way and the right way. This book
first applies the Method to both mechanical
and electrical equipment, and then proceeds to
cover the electronic and mechanical principles
of automobile stereo, fm multiplex, and tape
cartridge systems. Finally, the book shows how
1o apply the '1-2-3-4 Method'' to auto stereo sys-
tems. Includes a wealth of schematics, charts,
and illustrations. Order 20737, only...... $3.95

Closed-Circuit Teievision Handbook. 2nd Ed.

Explains in practical terms the basic concepts
of CCTV systems. Describes the versatile appli-
cations of ciosed-circuit television, and the
equipment used. Subjects include cameras,
monitors, video recorders, lighting, and signal
tfransmission. Completely updated to include
latest information. Order 20726, only..... $5.95

Antennas and Transmission Lines

A readily understandable text and reference on
the theory of antennas and transmission lines,
using technician-level mathematics. The book
opens with basic antenna theory, including peint
and array sources, wave interference, standing
waves, collimators, lenses, apertures, and sim-
ple radiators. It then proceeds to transmission
lines and their design factors. The final third of
the text covers a broad variety of antenna
topics. An ideal book for home study and ref-
erence. Order 20716, 0nfy............... $7.95

Record Changer Servicing Guide

This book provides a complete understanding of
record changers, how they operate, and the
various systems employed. Provides detailed in-
structions on how to track down troubles en-
countered in record changers and how to repair
them in the fastest and most effective way.

Order 20730, 0nfy. ... ..ot $3.95

Auto Radio Servicing Made Easy. 2nd Ed.

Explains the circuitry of both new and old auto
radios, covering each of the tube and transistor
stages. Provides step-by-step troubleshooting
and repair details; explains how to eliminate
noise and interference, how to set the bias on
output transistor stage without breaking circuit,
how to determine correct bias on transistor
stages, what to do about AVC trouble in tran-
sistor radios, etc. Order 20719, only...... $3.95

ALL-NEW EDITION OF
THE FAMOUS

Audio Cyclopedia

Completely revised 2nd Edition by the
renowned authority, Dr. Howard M. Tre-
maine. This is the most comprehensive
work on audio—virtually a complete refer-
ence library in a single volume. Fully
covers every phase of the subject, in-
cluding all the latest developments, right
down to the newest solid-state and inte-
grated circuits. Contains authoritative,
concise explanations of thousands of top-
ics in the fields of acoustics, recording,
and reproduction; covers basic principles,
components and devices, film recording,
studio techniques, motion picture equip-
ment, audio installation techniques, audio
measurements, etc. Each subject is lo-
cated instantly through a unique chapter
and paragraph numbering system. Sup-
ported by over 1600 illustrations. This is
truly the master reference work on the
audio art. Order 20675, only.......$29.95

sestse,Ling SAMS BOOKS

for every electronics interest

NEW 5TH EDITION OF THE WORLD-FAMOUS
Reference Data for Radio Engineers

Now contains 50% more data to cover the
developments of the past 12 years. Prepared
by outstanding engineers, professors, and
experts, under the direction of the Interna-
tional Telephone and Telegraph Corporation
staff. Provides comprehensive data on all
basic phases of electronics, including
tables, formulas. standards. and circuit in-
formation—PLUS—all-new data on micro-
miniature electronics, navigation aids,
reliability and life testing, international tele-
communication recommendations. switching
networks and trattic concepts, and quantum
electronics. Over 1350 illustrations 1196
pages. Order 20678, only........... $20.00

Amateur Tests and Measurements

This new E & E book shows how to perform
virtually all tests on amateur transmitters. re-
ceivers, and antennas, and how to make re-
quired adjustments. An invaluable book for the
amateur who wants to maintain top operating
efticiency. Order 65072, only............ $5.50

101 Questions & Answers About

Amateur Radio
A handy and practical reference source pro-
viding the answers to the most frequently asked
questions about ham radio. An invaluable book
for both the newcomer and the old-timer.
Order 20731, only......... oot $2.95

Transistor Specifications Manual. 3rd Ed.

Updated to include the latest 1969 transistors.
Contains the electrical and physical parameters
tor virtually all of the transistors now in use.
Electrical parameters include maximum collec-
tor-to-base, emitter-to-base, and collector-to-
emitter voitages; maximum collector current;
power dissipation; and maximum operating tem-
perature. Also lists frequency gain and leakage
parameters. Order 20707, only........... $4.25

Fundamentals of Digital Computers

An excellent introductory text to the general
tield of electronic computing_ It enables anyone
to acquire a good basic understanding of what
computers do and how they do it. The book
begins with a discussion of various types of
computer applications and surveys the history
and evolution of computers. Then, it discusses
in detail subjects such as the functional organi-
zation of a computer, the individual components
of a computer system, data preparation, storage
devices, input and output peripheral devices,
conversion units, and the central processor. A
comprehensive glossary of computer terms is
included. Order 20714, only............. $5.50

SPACE AGE TECHNOLOGY SERIES

Prepared under the guidance of Training and
Retraining, Inc., this series of five books hoids
unusual interest for anyone who desires to learn
about the application of electronics to space
progress, and the vital role it plays in that tech-
nology All texts are programmed-type.

Inertial Guidance Systems.

Order 20605, onfy........ovinviniinnnnnn $4.95
Controlled Guidance Systems.

Order 20573, 0Ny ..o viir i iiinnsannns $4.95
Synchros and Servos.

Order 20533, 0n/Y. . vt reunnanenn $4 95
Lasers and Masers.

Order 20559, Only....covviiinnininnan $4.95
Microminiature Electronics.

Order 20582, OMY.. oot vinvinrnnnnnnns $5.75

SPECIAL OFFER! All 5 Volumes at a savings,
in beautiful slip case. Order 20724, only.$24.95

—_———————— HOWARD W, SAMS & CO., INC.—— —— —— ——
A A A - oww gww
4300 W. 62nd St., Indianapolis, Ind. 46268 20726 (720714
Send books checked at right. $___enclosed. (J20716 {7 20605
0O Send FREE 1970 Sams Book Catalog [J 20730 (720573

[J20719 [J 20533
Name [J 20675 [ 20559

[ 20678 [ 20582
Address [ 65072 [J20724
City State. Zip D 20731
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DISCOVER THE EASE AND EXGITEMENT
OF TRAINING AT HOME THE NRI WAY

New Achievement Kit—Custom
Training Kits —"Bite Size” Texts

Only NRI offers you this pioneering method of simpli-
fied 3 Dimensional’’ home-study training in Electron-
ics, TV/Radio and Broadcasting/Communications. it's
a remarkable teaching idea unlike anything you have
ever encountered, the result of more than half a cen-
tury of simplifying, organizing and dramatizing learn-
ing-at-home techniques. if you are an ambitious man
—regardless of your education—you can effectively
learn the Electronics field of your choice the NRI way.

NR! has simplified Electronics by producing ‘‘bite
size’ lesson texts averaging only 40 pages each. Dozens
of illustrations open wide a picture window through
which you'll see and understand practical uses of Elec-
tronics. You start out with NRI’s exclusive Achievement
Kit, containing everything you need to get started fast.
(ltlustrated at right.)

NR! has organized Electronics training to take you
step-by-step from the first stages into more intriguing
areas. Once you know the fundamentals thoroughly, it's
easy to grasp more advanced theory and techniques.
You move with confidence and enthusiasm into a new
adventure filled with the excitement of discovery.

NR! has dramatized Electronics through the careful
development of special training equipment that is
programmed into your training systematically . .. be-
ginning with your first group of lessons. Things you
read about come alive in your hands as you build, ex-
periment, purposely cause ‘‘problems” in circuits—
and solve them. You learn to use test equipment, to
build radios and TV sets, transmitter, or computer
circuits. It’s the priceless *‘third dimension’ in NRI
training . . . practical experience.

More than 50 years of leadership
in Electronics Training

- R
YOU GET MORE FOR
YOUR MONEY FROM NRI

Mail postage-free card now for your free NRI catalog.
Then, compare. You'll find—as have thousands of others
—NRI training can’t be beat. Read about the new
Achievement Kit sent the day you enroll; about ‘'bite-
size ’ texts and custom designed training equipment.
See why NRI gives you more value. Whatever your reason
for wanting more knowledge of Electronics, NR! has an
instruction plan for you. Choose from major programs in
TV/Radio Servicing, Industrial Electronics and Complete

Communications. Or select from

special courses to meet specific AvailableUnder
needs. Check the course of inter- NEW

est to you on postage-free card

and mail today for free NRI cata- Gl Bl L.L
log. Nosalesmanwillcall. NaTIONAL | Jadoary ST Gbs5] oF
Rapbio INSTITUTE, Electronics Div., | & im s oy ooy sten:
Washington, D.C. 20016. frecicand:

Career? Part-Time Earnings? Hobby? Choose From 12 Training Plans

1. TELEVISION-RADIO SERVICING —
Learn to fix all TV sets, including Color.
Includes your choice of NRI Color Kit or
19” black-white TV Kit. Also covers
radios, stereo hi-fi, etc. Profitable field
spare or full-time,

2. INDUSTRIAL-MILITARY ELECTRON-
ICS — Basics to computers. Starts with
fundamentals, covers servos, telem-
etry, multiplexing, phase circuitry, other
subjects.

3. COMPLETE COMMUNICATIONS 3¢ —
Operation, service, maintenance of AM,
FM and TV broadcasting stations. Also
covers marine, aviation, mobile radio,
facsimile, radar, microwave,

4. FCC LICENSE %k — Prepares you for
1st Class FCC License exams. Begin
with fundamentals, advance to required
subjects in equipment and procedures.

October, 1969

5. MATH FOR ELECTRONICS — Brief
course for engineers, technicians seek-
ing quick review of essential math:
basic arithmetic, short-cut formulas,
digital systems, etc.

6. BASIC ELECTRONICS — For anyone
wanting a basic understanding of Radio-
TV Electronics terminology and compo-
nents, and a better understanding of
the field.

7. ELECTRONICS FOR AUTOMATION —
Not for beginners. Covers process con-
trol, ultrasonics, telemetering and re-
mote control, electromechanical meas-
urements, other subjects.

8. AVIATION COMMUNICATIONS 3k —
Prepares you to install, maintain, serv-
ice aircraft in-flight and landing sys-
tems. Earn your FCC License with
Radar Endorsement.

wWWWwW. americanradiohistorv.com

9. MARINE COMMUNICATIONS 3k —
Covers electronic equipment used on
commercial ships, pleasure boats. Pre-
pares for FCC License with Radar
Endorsement.

10. MOBILE COMMUNICATIONS 3¢ —
Learn to install, maintain mobile trans-
mitters and receivers. Prepares for FCC
License exams.

11. ELECTRICAL APPLIANCE REPAIR —
Learn to repair all appliances, including
air conditioning, refrigeration, small gas
engines. Leads to profitable part or full
time business.

12. ELECTRONICS FOR PRINTERS —
Operation and maintenance of Elec-
tronic equipment used in graphic arts
industry. From basics to computer cir-
cuits. Approved by major manufacturers.

*You must pass your FCC Llicense

exams (any Communications course) or NRI
refunds in full the tuition you have paid.

1
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nE"A will tell you everything!—Complete Specs

including schematics!

#2:.. MARK TEN SER

CAPACITIVE DISCHARGE IGNITION SYSTEM

Now discover for yourself the dramatic improvement in performance of your
car, camper, jeep, truck, boat — any vehicle! Delta's remarkable electronic
achievement saves on gas, promotes better acceleration, gives your car that
Zip you've always wanted. Find out why even Detroit has finally come around.
In five years of proven reliability, Delta’s Mark Ten has set new records of
ignition benefits. No re-wiring! Works on literally any type of gasoline engine.

A Dramatic [ncrease in Performance and A Points and Plugs Last 3 to 10 Times
in Fast Acceleration Longer

A Promotes More Complete Combustion A Up to 20% Mileage Increase
(saves gas)

KIT FORM 52995 ASS(IJEIGALIBYLED $4495

12V ONLY ppd.
MODEL 3000 FET vom o
Delta now offers a compact, versatile, and extremely sen- $ 95
sitive VOM which combines FETs and ICs for extreme

accuracy. Compact (6%2"W x 8”H x 3%4"D), portable. Wt. ppd.

3% Ibs.

IN KIT FORM: Feedback network with pre-selected com- onl $ 95
ponents to eliminate all final calibration. Ready to use y 59
when assembled! ppd.

NEW DELTA FEATURES:

A Mirror scale 200 A D'Arsonval meter

A Integrated circuit (IC) operational amplifier
for extreme accuracy

A FET input stage with current regulator

A Two stage transistor current regulator and
Zener diode on OHMS for absolute stability
and accuracy

A Voltage clippers for protection of input
stage

Fully temperature compensated for low low
zero drift

Ten turns ZERG and OHMS adjust
potentiometers

Epoxy glass circuit boards and metal case
Enclosed switches
Uses readily available type AA cells

Uses standard test leads for maximum
flexibility and ease of measurement

10 Megohms input impedance

> > > >

B
4 N CU |H|PUTACH A 0-8000 RPM range
A Perfect linearity — zero paralax
P ) B b 5] Bonl : A Adjustable set pointer
W0 elta, pioneers in ignition who pro- :
— duced the fabulous MARK TEN«, now offer : \Thlrladneslzrlil:t:Eitrjri?n:\t”eede%al
a precise computer-tachometer which ohso- . .
letes any type tachometer on the market A Chrome plated die-cast housupg
today! You achieve unbelievable accuracy 4 All-angle ball & socket mounting
in RPM readings due to the advanced, A Use it with ANY ignition system
___________________ . solid-state electronic matched components A Meter: 3%8" dia. X 3% " deep
. . . used in the computer, coupled with the A Calibration kit included, no test eqpt,
DELTA: Please send me literature immediately. I finest precision meter in thf? world. Works needed. o

| amenclosing $______ for items checked. I an alt 2. 3, ~1 and 6 cylinder 2 cycle' and T g
] Mark Ten SCR ([ Kit [] Assembled) with 4-6-8 cylinder—4 cycle 12 volt engines.  tachometer for precise
] Model 3000 FET VOM ({] Kit [ Assembled) RPM  measurement in ppd.
[J Computach (Kit only)

Please ship immediately.

easy-to-build Kit form!

Write today for complete
literature packet KIT FORM ONLY

Name DP 3-8

| *My car is (Model) (Year)

|
|
|
|
|
Address____ - o N | :
“n i1 /N DELTA PRODUCTS, inc
i »
EW - P.0. BOX 1147 « GRAND JUNCTION, COLORADO 81501
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>k A DEVIEE
By FOREST H. BELT /Contributing Editor

Rewards of Apollo

Costly though the Apollo 11 trip and moonwalk were—upwards of $22 Lillion—home-entertainment
electronics benefits indirectly. A heavy technological overflow has bred improvements for earthhound
gear.

ldeas that went inlo a low-light camera for space will improve live-coverage news cameras. Such a
camera is nceded, too, for CCTV, ETV, and industrial use. S-band commuuications gear, proven so de-
pendable over 240,000-mile distances, adapts easily to satellite television relay. or even satellite-to-home
TV. Field-sequential color transmission, used to send live color {from the spacecralt envoute to and from
the moon, may hirn out to be “the” way to send color television over long distances here on earth, too:
converters at each end turn it hack inte NTSC color to suit U.S. receivers.

The Apollo program may speed up other home-electronic developments. Suecess with on-board com-
puters in spacecralt contributes directly to the day when home computers take over hundreds of chores
—(rom feeding the cat to reminding vou of appointments—(rom grocery shopping to watering the lawn
—from storing recipes to doing the mixing and cooking—I(rom answering the phone while you're out to
keeping the kids off it while vou’re home. All that—and maybe keep vour checkhiook halanced, too, or al
least tell you when vou’re overdrawn.

You may notice some effect on regular TV programs, too. Network feed for the moonwalk was handled
by ABC. (The assignment is rotated among the networks. | More than 500 million viewers watched around
the world. The deployment of men and equipment surely adds to the ahility ol networks to handle more
smoothly the day-to-day entertainment programming we earthlings have come 1o take so much for granted.
1f nothing else, mayhe Apollo will give us more dependable TV at home.

Color Movement Continues

Color television has done well this year, despite ups and downs. Since color took off several yvears ago.
sales performance has been all but phenomenal. However its growth began slowing a couple years ago. A
few pessimists thought 1969 might see color sales drop off to just a steady year-after-year market.

They guessed wrong. Only one home-entertainment item outclasses color-TV in market growth this vear
and that is cassette machines. Color sales keep climhing. although not as fast as in prior years. The market
is still a battle of the giants. RCA leads, with Zenith overtaking. Magnavox and Wotorola follow.

Not long ago, a Zenith officer predicted his firm would soon take over the lead in color. Interestingly. at
about the same time, an RC4 executive predicted a takeover by his company of the lead in black-and-
white TV sales from leader Zenith. Thus battle lines at the top are drawn.

Eyeing hoth segments of the TV markel are our overseas [riends, the Japancse. Imports of their small-
screen receivers, particularly color, have nearly tripled in the last few months. They already have a
healthy (for them) chunk of the monochrome portable market. They're introducing a rash ol new solid-
state small-screen color sets at home, in the 10-inch to 15-inch class. I those find their way over here. thev
could carve out a 30 or 40 percent niche almost hefore you know it. Of the 7-million-or-so color sets to he
sold in the U.S. next vear. don’t be surprised if 2 million or mare are Japanese.

Search for Cheap Labor

October, 1969

High wages have driven U.S. manufacturers out of the country in a search for less coslly ways to build
electronic gear. But the gains seem only temporary. The situation in Japan is probably best known. Bar-
gain-priced electronic items don’t exist any more. That country has had to face a continuously increasing
wage-price spiral. Today, the Japanese find it hard to compete on price.

However, U.S. set-makers never got even a toehold in Japan; the government there has been too restric-
tive. But they did find cheap labor havens in Taiwan, Hong Kong, even Korea. Within the past year or so,
several have put plants in Mexico, too.

But prosperity begets new attitudes among the natives. Hardly have plants been opened and a few dol-
Jars injected into the economies ol these low-income countries than labor costs start going up. It has gotten
so that many formerly attractive spots—particularly Asian areas—have lost their glamor. New localities
are taking over. though, so no lasting lesson has been learned. Overseas-oriented U.S. manufacturers are

13
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now moving into Singapore, India, and Indonesia. No doubt a lot of dollars will he saved (?) before the
inevitable spiral begins in those countries. But it must surely look opportunistic to the rest of the world.

Stereo TV Sound in Japan

Long expected (this column, March 1969) two-channel TV sound started being tested in Japan in
August. If tests prove no interference to ordinary TV, regular broadcasting will begin shortly. The
original reason for this service was to allow simultaneous English and Japanese sound with telecasts during
the Expo 70 World’s Fair next year, in Osaka. That still goes, but now concerts will also be broadcast in
stereo on the two channels. Moreover, after the Fair is over, if the transmissions have been successful,
the system will be continued on a permanent basis in Osaka and Tokyo. It operates on a temporary per-
mit during the Fair.

The second channel is frequency-modulated on a 31.5-kHz subcarrier; 100-percent modulation of the
subcarrier is =10 kHz. The subcarrier deviates the main sound carrier =15 kHz. Main sound channel
deviation is =25 kHz. A 51.125-kHz pilot signal actuates the converter that must be added to a standard
receiver to pick up both channels of sound.

X-Rays Still Simmering

Just when the aggravating issue of color-TV x-rays seemed on the wane. it pops up again as strong as
ever. Latest important go-around is with Underwriters’ Laboratories. They decided to insist that new
color sets coming off production lines meet the tough rule of no more than 0.1 mR/hr of x-radiation. This
tight limitation was to be expected (this column, September 1969), Lut not so soon.

The government hasn’t made public its own recommendations yet, and a lot of people—especially sct
makers—think UL is jumping the gun. Last we heard hefore press time, UL is thinking of relenting and
allowing more time for compliance. That seems the logical thing to do, but the entire ploy seems strangely
conceived and oddly timed. Mid-1970 is a more reasonable deadline, or at least after the Bureau of Radjo-
logical Health has had time to set standards and stipulate conditions of measurement.

Stereo Cassette Releases Grow

Sure enough, the cassette market is turning into a full-fledged hoom. The equipment is selling like hot-
cakes and the big record companies are hurrying albums and hits into the new format. For example, at
one swoop recently, RCA Victor introduced 40 new cassette titles and Columbia Records brought out 58.
Perhaps surprisingly, many of the new releases are classical—which is usually reserved for really “high”
fidelity stereo equipment (few cassette machines qualify).

The cassette, before it started booming, looked as if it would be a low-cost medium, suited mostly to
young people. With new stereo cassette releases selling at $6.95, $6.98, and $7.95. it isn’t really what
you'd call a kids” market. The cassette isn’t moving into the auto field with any speed, either; 8-track still
dominates there. But for portable music, the cassette is winning the race hands down.

Cassette machines aren't all cheap, either—nor simple, as they were at first. As an example, H. H. Scott
now has the Model 3610 Casseiver. It has a synchronous motor, twin vu meters for recording, sound-on-
sound capability, and of course a receiver. The price: $399.95. Not many youngsters will get one of those
for rock 'n’ roll.

Furniture Look in Hi-Fi

The hi-fi gear that will dominate the 1969-70 season is the compact, followed by components. Yet a
couple of companies that specialize in hi-fi have come ont with big consoles. One well-remembered name
is Capehart, known in years past for quality in “furniture” hi-fi. Electrophonic is also shooting for big-
ticket sales with imported gear that’s assembled in the U.S. (cabinets are from Yugoslavia).

We still hear complaints from housewives about hi-fi. The usual one is: “Why can’t component hi-fi be
made more esthetically attractive?” Not nearly enough manufacturers are doing anything about it, and
[rom conversations we hear among consumers, none has found a real answer yet.

Flashes in the Big Picture

14

Sales trends suggest that digital clock radios may outsell regular kind within another year or two . . .
Setchell Carlson, first manufacturer to nse modular construction for home TV, quits that business upon

being sold to Audiotronics Corp.; may continue CCTV. . . . Beginning to appear around country are
“Cartridge City” stores owned by Muniz Stereo-Pak; saw one in Nashville—-very flashy; half-dozen
open o far. A
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More | Aléfming News

Dialtronic
Automatic
Telephone
Communicator
Model DT-1000

Radar Sentry Alarm
announces a new powerful
way to stop crime . . . ‘*Dialtronic’’

Radar Sentry Alarm announces a
new powerful way to fight crime.
Imagine a security system that
automatically and silently delivers
any emergency message for which
it is programmed. Dialtronic adds
a new dimension to your security
needs. Advanced concepts in tech-
nology and design bring you a new
level of security. Providing un-
limited application, the Dialtronic
uses solid state circuitry to bring
help immediately. Use it with
existing alarm systems or any other
sensing device. Dialtronic is the
iceal personal protection for any-
one who is vulnerable to intruders.
Dialtronic will perform with never
a lapse in security You are
assured of highly reliable pro-
tection.

The Crimebusters
Want You!... Now!

. . . To make the biggest profits of your career—
filling ready-made demand for the dramatic new
RADAR SENTRY ALARM systems. Get started
NOW as dealer or distributor—step into five-
figure income at once, with unlimited potential
and wide-open opportunity to grow as you go!

MAIL COUPON AT ONCE!

Also used to protect premises while
they are being occupied, the Radar
Dialtronic gives push button pro-
tection to businesses and home
owners alike. This system is trig-
gered by a hidden push button or
portable transmitter. Once set into
action, it automatically dials the
phone-—delivering any pre-
recorded message for which it is
programmed without the would-
be-thiefs' knowledge. In effect, the
Dialtronic gives you a direct line to
police, fire departments, in-plant
security, key personnel . . . whoever
you designate.

Dialtronic’s built-in programmer
1=ts you magnetically store '‘error
free’’ messages on cassette type
tape cartridges. Stored informa-
tion is instantly available to notify
proper officials, delivering correct
message in each case.

Advantages of Dialtronic
Telephone Communicator

B Eliminates costly leased tele-
phone lines.

B Simultaneously stores up to ten
separate messages on magnetic
tape.

W Automatically dials the right
people and delivers the correct
message in each case.

M Battery operated (optional)
Rechargeable ''‘Nic/Cad’’ bat-
teries with built-in charger.

B Converts existing local alarm to
central station system. Easily
and quickly installed.

M Silent "‘on premises hold up
alarm with the ability to get the
facts out’’ instantly.

M Can be used with optional wire-
less control.

B Home prowler alarm, fire alarm,
emergency alarm for invalids.
Can be programmed for any
emergency.

RADAR DEVICES MFG. CORP.
22003 Harper Avenue
St. Clair Shores, Michigan 48080

[ Send me the alarming details.
] [ Also send me booklet outlining available
dealerships.

Name

EW-109

Address
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Go on a quality kick

You can afford it
with these Outperformers

You give up nothing — except a high price — when you buy
these quality performance Pioneer hi-fi units. Designed for
the discriminating budget-minded buyer, they contain ad-
vanced engineering features and looks that put them in
the class of much more expensive stereo components.

SA-500 INTEGRATED STEREO AMPLIFIER — The perfect
starter unit for a stereo system, the all solid state SA-500
produces 44 watts of music power. Even at the highest
crescendo, distortion is.less than 0.5% . Two sets of inputs
plus outputs for speakers, tape recording, loudness con-
tour and a headset jack make it tops in versatility. $99.95

TX-500 AM-FM TUNER — All solid state, its multiplex cir-
cuitry provides wide channel separation with excellent fre-
quency response. An FET front end, combined with years-
ahead design, assures high sensitivity and superb image

am
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O PiIONEER’

PIONEER ELECTRONICS U.S.A. CORPORATION, 140 Smith Street, Farmingdale, N.Y. 11735 « (516) 694-7720
West Coast: 1335 W. 134th St., Gardena, Calif. 90249 (213) 323-2374 & 321-1076 + Canada: S. H. Parker Co., Prov. Ontario

rejection. Containing advanced features that place it on
a par with more expensive units, it is priced at $99.95.

SR-202 REVERBERATION AMPLIFIER — The most dra-
matic new component in years! No matter what your sys-
tem is, the SR-202 adds dimension and greater realism to
your stereo sound than you can realize. The SR-202 in-
creases the natural quality of your recordings and tapes.
Reverberation can be added to an audio amplifier using
one or two tape recorders, a record player, or a tuner. In
fsact, a total of 15 equipment combinations are possible.
95.00

These three Pioneer Outperformers are each housed in a
handsome cabinet with brushed chrome facing and Bra-
zilian rosewood end pieces. Hear them in action at your
local Pioneer dealer.

LB,
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How High the Sky?

Earth’s natural satellite, Moon, was exactly 226,970.9 miles away one evening recently. That’s most
accurate man has ever measured it. Feat was done at Lick Observatory in San Francisco, thanks to special
laser reflector in Sea of Tranquility on lunar surface. It was put there by LM crew of Apollo 11. Scientists
shot laser beam through big 18-inch telescope and timed return bounce within fraction of microsecond.

Mariners 6 and 7 A-OK

This is year for fahulous space exploits. Hardly was Apollo pronounced success than two little Mariner
spacecraft, with their TV cameras and S-band communications gear, started sending back amazingly clear
photographs of surface of Mars. Considering pictures traveled 60 million miles, they were miraculous.
Show Martian surface topography similar to that of moon. They convinced scientists that sending man
there is feasible. We'll land Surveyor-type package there in 1973.

System-Engineering Airways

More sophisticated approach to planning in store for Federal Aviation Administration. Secretary ol
Transportation Volpe sees systems approach as only way to ever catch up to mounting problem of airway
and terminal congestion. Costly computers and 1D/tracking gear are wasted unless whole concept is
thought out—equipment integrated into comprehensive system. Future operations are complicated by di-
versily of interests: business and private flving; scheduled passenger service; freight flights; supersonic
traffic (soon) ; military and defense traffic; all and more must be part of planning, now.

Electronics on Ice Route

Giant tanker Manhattan has highly advanced Litton Industries navigation complex to guide it through
ice-covered “northwest passage” across oceans north of Canada. Will test feasibility of route from East
Coast through Arctic ice to northern Alaska, to shorten shipping time. Ship has integrated position-find-
ing and navigation setup, with impact/sideslip measurement. Includes Doppler sonar, radar, satellite
receiver for Omega navigation, accelerometer, h.f. single-sideband communications, forward-, side-, and
rear-looking CCTV, telemetered strain gages, digital computer.

Sonic Holography

Laser holography is established. CBS Laboratories has just about perfected sonic holography under
water. Creates three-dimensional images by interferometry of sound-wave reflections in water. Result 1s
comparable to underwater radar; works in muddy water or clear. Transducer initiates sonic waves, 20-
200 kHz. Reflections are picked up by array of 500.0r so hydrophones, each about 1-mm square, on sheet
of barium titanate. Interference pattern makes display like hologram on special Lumatron tube developed
by CBS Labs. Range about 100 yards with small array, can be extended to miles using large receptor and
low frequency.

Worldwide Defense Communications

Five new electronic switching centers installed by Automatic Electric hecome part of AUTOVON
(Automatic Voice Network) system of global communications. Will eventually link more than a million
communicating devices, via submarine cable, microwave, tropospheric scatter, and satellites. Connects
calls in less than 10 seconds anvwhere in the world. Centers use computer-type switching and interfaces
with existing equipment of all kinds.

In separate development, Government Accounting Office suggests integrating AUTOVON with other
government communicating systems. Decision will be up to National Communications System, which may
soon bhe made part of President’s Office of Telecommunications Management. Without interweaving all
networks says report on subject, we’ll never have truly responsive National Communications System. A
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One of our students
wrote this ad!

Harry Remmert decided he
needed more electronics
training to get ahead. He
carefully "'shopped around”’

for the best training he could
find. His detailed report on why
he chose CIE and how it worked
out makes a better “‘ad’’ than
anything we could tell you.
Here’'s his story, as he wrote it
to us in his own words.

By Harry Remmert

AFTER SEVEN YEARS in my present position, I was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When I asked my
supervisor for an increase in pay, he said, “In what way
are you a morc valuable employee now than when you
received your last raise?” Fortunately, I did reccive the
raise that time, but I realized that my pay was approach-
ing the maximum for a person with my limited training.
Education was the obvious answer, but I had enrolled
in three different night school courses over the years and
had not completed any of them. I'd be tired, or want to
do somecthing else on class night, and would miss so many
classes that I'd fall behind, lose interest, and drop out.

The Advantages of Home Study

Therefore, it was easy to decide that home study was the
answer for scmeone like me, who doesn’t want to be tied
down. With home study there is no schedule. I am the
boss, and I set the pace. There is no cramming for exams
because I decide when I am ready, and only then do I
take the exam. I never miss a point in the lecture because

18
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an with a promising
future, he tells his own story on these pages.

it is right there in print for as many re-readings as I find
necessary. If I feel tired, stay latc at work, or just feel lazy,
I can skip school for a night or two and never fall behind.
The total absence of all pressure helps me to learn more
than I'd be able to grasp if I were just cramming it in to
meet an exam deadline schedule. For me. these points
give home study courses an overwhelming advantage over
scheduled classroom instruction.

Having decided on home study, why did I choose CIE?
I had catalogs from six different schools offering home
study courses. The CIE catalog arrived in less than one
week (four days before I received any of the other cata-
logs). This indicated (correctly) that from CIE I could
expect fast service on grades, questions, ctc. I eliminated
those schools which were slow in sending catalogs.

FCC License Warranty Important

The First Class FCC Warranty* was also an attractive

point. I had seen““Q” and ““A’ manuals for the FCC exams,
*CIE backs its FCC License-preparation courses with this famous Warranty:
graduates must be able to pass the applicable FCC License exam or their
tuition will be refunded in full.

ELECTRONICS WORLD
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and the material had always seemed just a little beyond
my grasp. Score another point for CIE.

Another thing is that CIE offered a complete package:
FCC License and technical school diploma. Completion
time was reasonably short, and I could attain somcthing
definite without dragging it out over an interminable num-
ber of years. Here I eliminated those schools which gave
college credits instead of graduation diplomas. I work in
the R and D department of a large company and it’s been
my observation that technical school graduates generally
hold better positions than men with a few college credits.
A college degree is one thing, but I'm 32 years old, and
10 or 15 years of part-time college just isn’t for me. No,
I wanted to graduate in a year or two, not just start.

If a school offers both resident and correspondence
training, it’s my feeling that the correspondence men are
sort of on the outside of things. Because 1 wanted to be
a full-fledged student instead of just a tagalong, CIE’s
exclusively home study program naturally attracted me.

Then, too, it’s the men who know their thcory who
are moving ahead where I work. They can read schematics
and understand circuit operation. I want to be a good
theory man.

From the foregoing, you can see I did not sclect CIE
in any haphazard fashion. I knew what I was looking for,
and only CIE had all the things I wanted.

Two Pay Raises in Less Than a Year

Only cleven months after I enrolled with CIE, I passed
the FCC exams for First Class Radiotelephone License
with Radar Endorsement. I had a pay increase even be-
fore 1 got my license and another only ten months later.
I'm getting to be known as a theory man around work,
instead of one of the screwdriver mechanics.

These are the tangible results. But just as important are
the things I've learned. I am smarter now than I had cver
thought I would be. It fecls good to know that I know
what I know now- Schematics that used to confusc mc
completely are now easy for me to read and interpret.
Yes, it is nice to be smarter, and that’s probably the most
satisfying result of my CIE experience.

Praise for Student Service

In closing, I’d like to get in a compliment for Mr. Chet
Martin, who has faithfully seen to it that my supervisor
knows I'm studying. I think Mr. Martin’s monthly reports
to my supervisor and generally flattering commentary have
been in large part responsible for my pay increases. Mr.
Martin has given me much more student service than “the
contract calls for,” and I certainly owe him a sincere debt
of gratitude.

And finally, there is Mr. Tom Duffy, my instructor. T
don’t believe I've ever had the individual attention in any
classroom that I've received from Mr. Duffy. He is clear,
authoritative, and spared no time or cffort to answer my
every question. In Mr. Duffy, I've received cverything 1
could have expected from a full-time private tutor.

I’'m very, very satisfied with the whole CIE experience.

ENROLL UNDER NEW G.I. BILL
All CIE courses are available under the new G.I. Bill. If you
served on active duty since January 31, 1955, or are in service
now, check box on reply card or coupon for G.I. Bill information.

Every penny I spent for my coursc was returned many
times over, both in increased wages and in personal satis-
faction.

Perhaps you too, like Harry Remmert, have realized that
to get ahead in Electronics today, you need to know much
more than the “screwdriver mechanics.” They're limited
to “thinking with their hands”...learning by taking things
apart and putting them back together...soldering connec-
tions, testing circuits, and replacing components. Under-
standably, their pay is limited—and their future, too.

But for men like Harry Remmert, who have gotten the
training they need in the fundamentals of Electronics,
there are no such limitations. As “theory men,” they think
with their heads, not their hands. For trained technicians
like this, the future is bright. Thousands of men are ur-
gently necded in virtually every field of Electronics, from
two-way mobile radio to computer testing and trouble-
shooting. And with this demand, salaries have skyrocketed.
Many technicians earn $8,000, $10,000, $12,000 or more
a year.

Send for Complete Information—FREE

Many men who are advancing their Electronics carcer
started by reading our famous book, “How To Succeed
In Electronics.” It tells of the many electronics carecrs
open to men with the proper training. And it tells which
courses of study best prepare you for the work you want.

If you're “shopping around” for the training you need
to move up in Electronics, this 44-page book may have
the answers you want. We'll send it to you FREE. With
it, we’ll also include our other helpful book, “How To Get
A Commercial FCC License.”

To get both FREE books, just fill out and mail the
bound-in postpaid card. If the card is missing, send the

coupon below.
ci Cleveland Institute
of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

r.. NH: <
Accredited Member National Home Study Council = Aleaderin Electronics Training.. Since 1934 ;"

Cleveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
Please send me without cost or obligation:

1. Your 44-page book ‘‘How To Succeed in Elec-
tronics”’ describing the job opportunities in
Electronics today, and how your courses can
prepare me for them.
2. Your book on ‘‘How To Get A Commercial FCC
License.”

| am especially interested in:
[ Etectronics OJ Electronic

COLLEGE-
LEVEL
COURSE IN

ELECTRONICS Technology Communications
[ Broadcast [ industrial Efectranics

ENGINEERING Engineering and Automation

for men with prior ex- U First-Class stroni

perience in Electron- FCC License Engineering

ics. Covers steady-

state and transient Name

network theory, sofid (PLEASE PRINT)

state physics and cir- Address.

cuitry pulse tech-

niques, computer logic City

and mathematics

through calculus. A State Zip Age

college-level course

for men aiready work-
ing in Efectronics.

(J check here for G.1. Bill information. EW-66
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LAB TESTED

HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Dynaco A-25 Speaker System
Shure M92E/M93E Phono Cartridges

Dynaco A-25 Speaker System

For copy of manufacturer’s brochure, circle No. 20 on Reader Service Card.

YNACO has long been noted for its

development of inexpensive com-
ponents capable of the highest-quality
performance. The designs are not
changed annually (in fact. some of the
decade-old vacium-tube awplifiers are
still sold. in addition to the more recent
solid-state models). When a new prod-
uct carries the Dynaco name, we expect
it to be a worthwhile addition to the
high-fidelity scene. The company’s new
A-23 speaker system. we are happy to
note, lived up to our expectations. The
svstem is referred to as an “aperiodic”
design because it is said to be non-reso-
nant.

The A-25 is a true bookshelf speaker
in that it measures 20 inches by 11%
inches by 10 inches deep. und weighs
about 182 pounds. Its oiled-walut cab-
inet has a slightly recessed back with
reinforced kevhole slots to facilitate in-
stallition on a wall. [ts 10-inch, long-
throw woofer operates up to 1500 Iz, at
which frequency there is a crossover to
a siall dome-type directradiator tweet-
er. A five-position switch in the rear per-
mits the high-frequency response of the
svstem to be adjusted to room acoustics.
It has a range of about 5 to 7 dB around

O

the “normal” response. The enclosure is
ported. but the port is small and heavily
danmped, giving the system an acoustic
characteristic closer 1o that of an acous-
tic-suspension system rather than a bass-
reflex design. The A-25 has an 8-ohm
impedance, and its moderate cfficiency

LOW-FREQ. PEAKS CAUSED BY ROOM RESONANCES
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makes it suitable for use with practically
any modern high-fidelity amplifier or
receiver.

In our listening tests, the unit had a
remarkably neutral quality. Many loud-
speakers have response irregularities
that color reproduction of male voices,
for example, and leave no doubt in the
listener’s mind that he is listening to a
loudspeaker. The A-25 had less of this
coloration than most speakers we have
heard, regardless of price. The highs
were crisp, extended. and well dispersed.
At times, we felt that the bass might be
a trifle thin, but when the music con-
tuined low buss (under about 70 or 80
Hz), the speuaker left no doubt of its
capabilities. This led us to conclude that
the “thinness” was really a smootlimess
or lack of accentuation of the mid-bass
in the 100 to 300 Hz range.

Having established by listening that
this was a very fine speaker system, we
were curious to see the results of onr
laboratory measurements. They con-
tained few surprises. Except for a small
peak at 10,000 Hz, the respouse was
within =4 dB from 60 to 15,000 Hz.
There was no obvious region of de-
pressed or elevated response, and the
over-all response curve was as flat and
smooth as can be when measured in a
“live” enviromment. Below 60 Hz, the
output fell off at 12 dB per octave.

The tone-burst measurements also
confirmed our listening tests. From 100
to 10,000 Ilz, we did not find a single
aberration in the transient response of
the A-25. In the hundreds of tone-burst
measurements we have made, we have
found a few instances where a speaker
was slightly better than this one at spe-
cific frequencies, but nothing we have
tested had a better over-all transient
response.

The low-frequency harmonic distor-
tion was under 3 percent down to 50 Hz
at a l-watt drive level. It rose gradually
to 10 percent at 20 Hz. This, too, is ex-
cellent performance, and is topped by
only a few speakers among those we
have tested.

The Dynaco A-25 has slightly more
midrange output than a number of top-

(Continued on page 86)
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How man's conquest of the moon
helped Scott develop

the world's most advanced
AM/EFM Stereo Receiver

The billions of research dollars expended towards America’s race to the moon helped foster the development of
many entirely new clectronic devices. Alert Scott engineers realized that the adaptation of some of these de-
vices could result in significant advances in the performance of high fidelity components . . . a realization that
inevitably led to the development of the 386 AM/FM stereo receiver.

The 386 represents a level of sound quality and performance characteristics that is a giant-step ahead of any
sterco component ever before available . . . utilizing entirely new features that help you control incoming sig-
nals with a degrce of accuracy never before possible . . . incorporating new assembly techniques that guaran-
tee superb performance over periods of time previously thought unattainable.

fu STEREG PERFCTURE

There arc 7 ultra-reli-
able Integrated Cir-
cuits in the 386 . . .
more than in any oth-
¢rreceiver now on the
market. These 7 cir-
cuits include a total
of 91 transistors, 28
diodes, and 109 resis-
tors!

386 Specifications

Quartz crvstal lattice
filter 1F section, never
before found in a re-

ceiver in this price
class, ends the necd
of IF amplifier re-
alignment, and gives
very low distortion
and high selectivity.

Higher power at low-
er distortion: The
shaded area indicates
where competitive re-
ceivers tend to rob
you of full response
in the extreme lows
(organ, bass drum)
and highs (flutes, tri-
angles, etc.)

Perfectune, a comput-
er logic module, de-
cides when you've
rcached the point of
perfcect tuning and
lowestdistortion, then
snaps on the “Perfec-
tune” signal light.

terminal
connections and plug-

Wire-wrap

in printed circuit
module construction
result in the kind of
reliability usually as-
sociated with aero-
space applications.

1969, H. H. Scott, Inc.

Total power (=1 dB) 170 Watts @ 4 Ohms. THF Dynamic power, 67.5 Watts/
channel @ 4 Ohms; Continuous power, both channels driven, 42 Watts/channel
@ 4 Ohms, 35 Watts/channel @ 8 Ohms; Distortion < 0.5% at rated output;
Frequency response (= I dB), 15-30 KHz; IHF power bandwidth, 15-25 KHz.
FM usable sensitivity (IHF), 1.9 #V; FM selectivity, 42 dB. Price, $349.95.

NSCOTT

For detailed specifications, write:
H. H. Scott, Inc., 111 Powdermill Road, Maynard, Mass. 01754
Export: Scott International, Maynard, Mass. 01754
CIRCLE NO. 106 ON READER SERVICE CARD
October, 1969 23
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Voltage supply in your city can vary as much
as 10%. And even a 2% variation causes a sig-
nificant tape speed change in tape decks with
induction motors and a difference in repro-
duced sound that is intolerable.

The Concord Mark 11 stereo tape deck com-
pletely igneres fluctuations in line voltage. It
is driven by a hysteresis synchronous motor
which locks onto the 60 cycle power line fre-
quency and maintains constant speed (within
0.5%) regardless of voltage variation from 75
to 130 volts. So if you're about to buy a tape
deck that doesn’t have a hysteresis synchro-
nous drive motor, you're liable 1o negate any
other fine feature it might have.

Dor't get the idea the hysteresis motor is al!
the Concord Mark II has to offer. It also has
just about every other professional feature.
Three high-quality heads: ferrite erase head;
wide gap Hi-Mu laminated recording head for
optimum recorded signal and signal-to-noise
ratio, narrow gap Hi-Mu laminated playback

7

NEIT

head for optimum reproduced frequency re-
sponse.No compromise combination heads.
The three heads and four preamplifiers also
make possible tape monitoring while recording.

The tape transport mechanism assures a
fast startup—you don’t miss a note. Supply
and takeup tape tension arms eliminate startup
burble. A special flutter filter eliminates flutter
due to tape scrape or cogging action. A cue
control provides instantaneous stop and start
operation. Other important conveniences: the
flip-up head cover permits you to see the head
gap position markings for professional editing;
3 speeds; automatic sound-on-sound with ad-
justable level controls; variable echo control
for reverb recording; calibrated VU meters
with individual record indicator lights; stereo
headphone jack; electronically controlled dy-
namic muting for automatic suppression of
tape hiss without affecting high frequency re-
sponse. All this, for under $230.

The hysteresis drive Concord Mark III has
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all of the features of the Mark II plus pressure-
sintered ferrite heads for extended frequency
response and virtually no head wear. It sells
for under $260.

The hysteresis drive Mark IV, the top-of-the-
line Concord deck offers all of the performance
and conveniences of the Mark II and III includ-
ing wide gap record, narrow gap playback
heads,tape source monitoring, sound-on-sound,
echo recording. Plus, a dual capstan tape trans-
port mechanism with electronic automatic re-
verse, no metal foil or signal required on the
tape. Superior recording performance plus the
convenience of automatic reverse and continu-
ous play. A superb instrument with the finest
performance money can buy, and it’s under
$330. Audition the new Concord Mark series,
the tape decks with the hysteresis synchro-
nous drive motor. For “all the facts” brochure.
write: Concord Electronics Corp., 1935 Arma-
cost Ave.,Los Angeles, Calif.90025.(Subsidiary,
Ehrenreich Photo-Optical Industries, Inc.) B3

For copy of Concord Mark III Instruction book, mail 25¢ in coin

HER AIR CONDITIONERS, TV SETS, WASHERS NOR ANY OTHER

ELECTRICAL APPLIANCE CAN KEEP THE HYSTERESIS-DRIVE
CONCORD MARK I FROM ITS PRECISELY APPOINTED SPEED.
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ELECTRONICS
and the
LIVING
PLANT

By L. GEORGE LAWRENCE

Can plants be used with electronic
equipment for some future exotic
sensting and control system? Some
investigators. performing unusual
experiments, believe they can be.,

e
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A. Cell wall
B. Chloroplast
C. Cytoplasm
D. Vacuole
E.
F.
G.
H.
1.
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Nucleus

Nucleolus

Intercellular space
Cytoplasmic membrane
Vacuolar membrane

October, 1969

T has been known for a long time that plants have elec-

trodyvnamic properties. Their ability to process complex

test currents and to behave in a computer-like “go, no-go”
binary mode is unique. But never in all those millenia since
the first green leuves poked their heads out of Paleoroic
swamps have plants been given more professional attention
(other thun from botanists) thun they have in recent vears.

After much initial skepticism regurding plants™ semicon-
ductive and generul electromotive qualities, here are but
a few of the topics that science is speculating about toduv:

1. Can plants be integrated with electronic readouts to
form major data sensors and transducers?

2. Can plants be trained to respond to the presence of se-
lected objects und images?

3. Is their alleged supersensory perception (SSP) veri-
fiable?

4. Of the 350,000 plant species known to science. which
family is most promising from an electronics point of view?

Electrical Chavacteristics

The eftect of electrical excitation on plants was noted in
the 18th century and described in Dr. Jallabert's book "De
I'électricité des végétaux,” published in Geneva in 1748,
Later, in 1924, Dr. Stern gave an excellent summary in his
publication "Die Elektrophyvsiologie der Pflanzen.” Up-to-
date findings were described in G. Ungar’'s work entitled
“Excitation”™ (1963), which also gives a good overview of
bioelectric and electrophysical phenomena in general. How-
ever, taken together, many schools continue to attach more
significance to plant growth hormones and regulators thar
to electrical phenomena per se.

The behavior of @ living cell is dramatically complex and
unique. There are responses to light, heat and cold, radia-
tion. injuries, and touch. Llectrical properties cun be in-
vestigated with microelectrodes, a sample of which is shown
in the test arrangement of Fig. 1.

Microelectrodes usually take the forn of micropipettes,
consisting of a veryv-thin glass envelope, a conductive liquid.
and a metallic helix or insert for conveving current to ex-
ternal readouts. Their electrical impedance is of the high
ohmm tvpe and must be verified frequently by using a spectal
test bath. The d.c.-nulling wrangements and parallel resis-
tances permit investigations of over-all impedance charac-
teristics—which, ideally, should lead to no nmpairment of
pulsing-test cinrrents propagated through the electrode sys-
tems. The test bath mav be used as an approximate standard.
featuring mmpedance and conductive properties similar to
those of hiological electrolvtes.

Typically, strong electric currents flowing through a plant
cell have the elfect of causing an immediate contraction ol
the evtoplasin of w cell (best seen in the spirogyra or clodea
canadensis), from which physiological recovery is impos-
sible. Less intense currents cause either a partial retraction
from the cell wall or, after the current has been stopped.
restmiption of normal cell functions. Upon swarm spores and
antherozooids swinnming in water, electricity has the peculiar

Fig. 1. Test setup for measuring the elecirical characteristics
of micropipettes used for data pick-off from micro-organisms.
R1 is used to adjust the amplitude of the test pulse,
R2 to balance out steady-junction pofential of pipeite.
D.C. SCOPE
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Fig. 2. Characteristic response of mimosa pudica to injury.
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Fig. 3. Response of a small plant to electrical stimuli. The
electro-nastic movement of plant versus current is plotted.

Fig. 4. Plant growth is detected by using mirror arrangement,
optics, and a recording auxanometer while stem movements
and elongation are detected by using capacitance-based system.
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effect of polarizing them. The one or the other extremity
might turn in a definite direction, either with or against the
direction of d.c. potentials.

However, a different situation arises when sensitive plants,
such as the mimosa pudica, experience injury. Fig. 2 shows
an experimental setup used for electro-culture work, con-
sisting of a high-gain d.c. oscilloscope as data sensor. If
the plant is cut, as shown, a typical current spike will ensue
which is indicative of a nastic response. The term electro-
nastic movement is used if, as in Fig. 3, application of cur-
rent elicits a motive response. In the case of the mimosa,
there exists no proportionality between the strength of
stimuli and the dimensions of motive reaction. Thus, if a
certain current threshold is exceeded, we will notice a total,
“all-or-nothing” reaction. The specimen acts like a silicon
controlled rectifier in that certain triggering levels must be
present to cause action.

Electro-nastic performance is best seen on small plants.
For this purpose, various plant-response indicators have
evolved, working on different detection principles.

As shown in Fig. 4, simple growth can be detected with a
recording auxanometer. Mirror arrangements and optics may
be employed to verify movements by reflection of light and
shadowgraphic methods.

The capacitance-based system is suitable for measuring
stem movements and elongation. However, a device such as
this is critical in that strong oscillator currents and/or d.c.
must not act as a stimulus to the plant. This requirement can
be met by carefully grounding zero-potential electrodes in
the plant’s pot and by adequate distance between acting
capacitor members. Experimenters normally work with a
“center frequency” of given value. If the center frequency is,
say, 20 MHz and finally changes to 20.80 MHz while the
experiment is in progress, the net value will be 800 kHz. By
measuring the distance between capacitor plates (C) with a
micrometer, it is possible to plot distance versus frequency
as a result of growth or movement of the specimen.

Packaged Plant Electronics

The majority of electrical plant reactions: occur in the
millivolt range and involve long time bases. In electro-culture
experiments with bean seedlings, for example, waveforms
emanated by roots (Fig. 5) are complex and require careful
shielding from industrial interferences. Since it is very difli-
cult to properly “terminate” biological impedance, like a
TV antenna, special packaging concepts and designs have
emerged to keep plant-generated electrical data as “clean”
as possible.

Fig. 6 shows an example of a special packaging concept.
The living plant is housed in a quasi-Faraday cage to permit
access of light and air. Light is important since the photo-
reactions of the specimen normally require electromagnetic
cnergy between a wavelength of 2000 and 10,000 angstroms
(A). However, this particular experimental setup is unique
in that it permits simultaneous biochemical and bioelectric
observations of a plant.

In the case at hand, weak electrical signals are generated
by shielded electronics in a special enclosure. These products
consist of r.f. below 10 meters and pulsed d.c. Galvanic
feedback loops permit immediate stoppage of currents if
excitation levels are exceeded. Timing is provided by motor-
driven switches beneath the cage, with current normally ap-
plied during daylight hours only.

Interest in the plant’s chemical behavior is coupled with
the above, but is more complex. One of them is the observa-
tion of auxins, which are chemicals {plant hormones) which
cause distinct growth patterns. One of these substances, in-
dole-3-acetic acid, occurs in minute cquantities in growing
plant tissue. Thus, in a shoot of the pineapple plant, only 6
micrograms of auxin are found per kilogram of plant material
which is comparable to the weight of a needle in a 22-ton
truckload of hay. There are other plant hormones and regu-
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lators. including gibberelling and cvtokinins. that contribute
to the electrically stimulated plant’s well-being and enable
it to deal with a massive set of physical forces. These as-
pects are of immense complexity and cannot be nailed down
in laws and predictive formulas. There is much randomness
involved here, which frequently mukes a plant’s behavorial
response just as unpredictable as that of man. However, it
is possible to comec up with some guidance in the form of
slatistics and other laboratory data if the plant specimens
have a reasonably controlled environment and are fed spe-
cific nutrients. A respective feeder can be seen at the upper
right-hand side of the cage in Fig. 6.

The Backster Effect

Some ten vears ago, in the “Moon Garden” developed by
Republic Aviation at Farmingdale, N.Y., scientists were able
to induce what appeared to be "nervous breakdowns™ and
“complete frustration” in plants being tested as possible space
foods. At East Grinstead, Sussex, England, Dr. L. Ron
Itubbard also noted electrogalvanic responses in tomatoes
wlien struck by a nail. Unable to arrive at a reasonable ex-
planation for these “findings” the investigators arbitrarily
entitled these reactions “emotion-like” responses in plants.

Three yvears ago this “emotion-like” response in plants was
noted by Clyde Backster, executive director of the Backsier
Rescarch Foundation (N.Y.) and a polvgraph (lie detector)
expert, swwhen he connected one of his instruments to a draena
nmassangeana plant while it was taking up water. The speci-
men’s psychogalvanic reflex (PGR) reaction pattern was
strange, for it appeared to be similar to that of a human being
undergoing emotional stimulation. Attempting to further
test the plant’s reaclion. Backster decided to take a muatch
and burn the leaf carrying the polygraph clectrodes. At the
moment this thought entered his mind a dramatic change was
reflected in the PGR tracing—the graphic recorder suddenh
drew a wavelorm of great amplitude. This totally unexpected
reaction suggested to Backster that somehow the presence of
this destructive mental image set off a chain of events, not
obvious to the human senses, that triggered the plant into
what seemed to be an emotion-like response. Later, in an
attempt to substantiate his previous findings, Backster devised
a complex experiment involving the dumping of live shrimp
into boiling water. The experiment was exccuted at a random
time by machines and, what was most significant, without
Backster’s presence. Again the plants selected for this experi-
ment seemed to register what could be construed as a pro-
found emotion-like response at the precise moment of the
shrimps’ deatls.

The basic equipment inventory required for verification of
what is called the Backster Effect is shown in Fig. 7. The
apparatus consists of the plant itself as the prime “data sen-
sor,” a diflerential d.c. preamplifier, and the graphic recorder.
I a typical test situation, the amplifier is brought into close
proximity to the plant (FFig. 8) and conmected by shielded
lines to the leaves. Fig. 9 shows two additional methods of
connecting the leaf through the d.c. amplifier to the re-
corder. The recorder itself, set up remotely, requires little
else but multiple-speed drive trains in order to obtain good
trace resolution at various paper speeds.

However, it is onh Lair to point out that working with the
Backster Effcect involves much more than the mere ability to
construct top-quality clectronic equipment. There are certain
qualities involved here which do not enter into normal ex-
perimental situations. According to those experimenting in
this area, it is necessary to have a “green thumb” and (most
important) a genuine love {or plants.

Plant Conditioning

Experiments, such as the one shown in abstract form in
Fig. 10. have been performed to demonstrate that plants can
be conditioned to react to certain events. Those investigating
this possibility fcel that these life forms have memories and.
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Fig. 5. Oscillatory electrical phenomenon of bean root gives
complex waveforms that require shielding from interference.

Fig. 6. Quasi-Faraday cage, used to perform simultaneous
biochemical and bioelectrical plant experiments, permits
entry of air and light. Nutrient feeder is at upper right,
timer at bottom. Electronics are in separate package (left),

Fig. 7. Principal arrangement for testing plant’'s emotion-
like response (Backster Effect). Mere thought of threat to
the plant appears to elicit a dramatic electrical response.
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Fig. 8. Indoor arrangement for testing Backster Effect. The
d.c. amplifier is at left, connected by shielded line to the
leaf and set-up potentiometer. Nutrient feeder is in the pot.
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Fig. 9. Two additional methods for connecting the leaf of a
plant to the recording equipment. (A) Equipment for check-
ing changes in electrical resistance (Feré Effect) of plant
organics and (B) equipment for checking difference in elec-
trical potentials (Tarchanow Effect) generated by the plant.

Fig. 10. Pulsing and monitoring setup used with Pavlovian and
Skinnerian principles to condition plants to repetitive events.
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Fig. 11. The d.c. galvanometer and packaged electronics de-
vised for testing the emotion-like response of yucca plants
outdoors. The plant shown in the lead photo indicates size.

being living svstems with many sensorv capacities, are cap-
able of heing trained by Pavlovian and Skinnerian condition-
ing techniques. Unlortunatelv. unlike experimental situations
involving dogs (Pavlov) and pigeons (Skinner), no specific
reward svstems—such as food—have as vet heen worked out
with plants; but experiments are under way.

Attention, of late, has also been given to larger plants as
well. The vucca plant is a representative example of a plant
too large to be examined indoors. The equipment shown in
Fig. 11 was devised to test its responses.

The instrumentation revolves around a high-gain d.c. am-
plifier and a d.c.-excited \Wheatstone bridge. A galvanom-
eter serves as an “emotion” readout, being calibrated in
statements such as “Decrease” and “Increase.”

This article has given u fair sample of what has been and
can be done in this new and exceptionally promising field.
The almost human-like sensory and response characteristics
attributed to plants by Clvde Backster and other investigators
in the field are too unique to be ignored.

(Editor's Note: Although some of the items discussed may
be controversial, we belicve that our readers will find the
story both interesting and stimulating. We would also like
to mention that the Backster Effect, dealing with the electri-
cal response of plants under “emotional” stvess, was recently
demonstrated on nationwide TV. The effect was also demon-
strated “live” to one of our editors.) A
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| RECENT
' DEVELOPMENTS
- IN ELECTRONICS

Antenna Beams Apolio Splashdown. (Top left) No, this is not
some kind of ray gun or cannon, but it is a closed-up para-
bolic reflector. Just after this photo was taken the reflector
was opened up into a 15-foot dish. The antenna was used by
Western Union International to beam live color coverage of the
Apollo 11 splashdown to a Comast communications satellite
some 22,300 miles over the Pacific. From the satellite the sig-
nals were routed by earth stations and other satellites to TV
stations in 49 countries around the world. The antenna is
mounted on its gyro-stabilized platform located on the deck uf
the USS Hornet, and maintains unerring aim on the satellite so
as to transmit a steady signal, regardless of the ship’'s motion.

TV Computer System Checks Eyes. (Center) A patient, seated
in front of a modified television set, undergoes a field of
vision examination at the University of Texas Southwestern
Medical School in Dallas. Dr. Priscilla Berry, ophthalmolo-
gist, administers the test from the console of an IBM data-
processing system. Using a re-wired portable TV set and
the computer system, eye specialists at the medical school
developed a unique testing technique designed to detect in
early stages those diseases which cause blindness. The patient
covers one eye and focuses the other eye on the center of
the TV screen. The examiner feeds punch cards into the sys-
tem and these cause white dots of light, of various sizes and
intensities, to appear momentarily at different locations. As
the patient sees a spot, he moves a lever below the TV screen
toward the spot’s position. Speed and accuracy of response are
measured and the system then produces a detailed map of the
patient’s field of vision. By studying the maps that are pro-
duced, eye specialists will be able to diagnose diseases, such as
glaucoma, and to evaluate the effectiveness of their treatment.

Inertial Navigation for Superjet. (Bottom left) The primary
long-range navigational aid for pilots flying the first 362-pas-
senger Boeing 747 superjets next winter will be three separate
inertial-guidance units. Five times more accurate than stand-
ard methods of navigation, these units have been flight tested
in 707's and during the first transatlantic flight of the 747 on
June 2, 3. During this flight, the inertial system was coupled
to the autopilot and actually flew the plane a distance of 4000
nautical miles over, and most of the distance on the return
trip. The flight deck on the superjet is similar to that of the
707. The front instrument panel (1) faces pilot and co-pilot
while the flight-engineer panel (2) contains the dials, gages,
switches, and indicator lights to monitor the plane's vital sys-
tems. The close-up photo (left) shows instrument console
between seats of pilot and co-pilot with the inertial-naviga-
tion system at (3). Audio controls, v. h. f. radio controis,
and the autopilot controls are in the foreground. The inertial
system, which is called the ‘“‘Carousel IV, has been designed
and built by the AC Electronics Division of General Motors Corp.
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Color-TV Looks Inside Patient. (Top right) More accurate than
an x-ray, this system combines color-TV with fiber optics
to give doctors an inside view of their patients. A flexible fiber
scope can be passed into the patient’s stomach, for example,
and can transmit an image to the color set of a tumar as small
as 2 mm. An entire medical team can observe the enlarged
image on the TV monitor. A field-sequential cclor system is
used in the instrument, a tele-endoscope, which is being intro-
duced to U. S. medicine by Toshiba International Carporation.

Superconductive Cable for Underground Power. (Center) This
20-in cable is able to carry 25 times more electrical power
than is possible today using conventional types of underground
power lines. The three coax pipes have their facing surfaces
coated with ultra-pure niobium, which is a superconductor hav-
ing little or no resistance at cryogenic temperatures. The fourth
pipe carries liquid helium, the refrigerant, which maintains
temperature at —452° F. Layers of insulation keep the tem-
perature low. Studies are being made on such a system by Un-
ion Carbide for the electric power companies trade association.

1000-Mile R. R. Microwave System. (Bottom left) The lllinois
Central Railroad inaugurated a 1000-mile private communica-
tions network between New Orleans and Chicago. The system
has 44 towers (one of which is shown here) and reiay locations
and can handle 420 messages simultaneously. Data on train
movements, railway business, and telephone messages can
now be carried on the company’s own microwave radio system
rather than on leased lines. Contractor was Lenkurt Electric.

“Speed Listening’’ for the Blind. (Bottom right) An electronic
device that permits ‘‘speed listening’’ of recorded speech at
rates comparable to reading has been produced by the Ameri-
can Foundation for the Blind. The device makes it possible to
reproduce the human voice at double speed without aitering the
pitch and without praducing the gibberish that would ordinarily
occur. Taped speech is fed into the system and recorded on
tapes or discs at four times the original speed, then it is played
back at half-speed to achieve the end result of double the
original rate. Some 36 bandpass filters are used tc separate
the speech into its different frequency components. Then 36
frequency dividers are employed to halve the frequencies of the
narrow-band signals from the filters. From the dividers, sig-
nals proceed to networks that remove distortion and combine
the half-frequency signals into a single output. This ‘““harmon-
ically compressed’ signal is recorded on tape, which can now
be used to make tape or disc recordings of magazines for the
blind. Principles for the system were developed by Bell Labs.
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Speaker-Matching Problems
N
Public-Address
Systems

By ABRAHAM B. COHEN, 1SC/Telephonics

Division of Instrument Systems Corp.

Part 2 of a series on modern p.a. sound-system practices covers various
methods that are used to interconnect loudspeakers to the p.a. amplifier,
including impedance matching, use of transformers, constant-voltage system.

AST month’s article, “New Developments in Public Ad-
dress Systems,” concluded that the output of the p.a.
amplifier could be connected directly to the loud-

speakers on a matched-impedance basis if the number of
speakers is small. Where there are a large number of speak-
ers, the transformer method of coupling to the ontpnt of the
amplifier is more common and easier for the technician to

Fig. 1. (A) Variation of speaker impedance with frequency.
(B) Variation of power that is applied to the loudspeaker.
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handle. This article will establish the general basis for the
choice of one system over the other and will go into the
methods of interconnecting loudspeakers.

Speaker-Impedance Characteristic

The speaker is a physically moving device when it is oper-
ating; it behaves essentially as a motor. Its impedance may be
separated into two distinct parts as indicated in Fig. 1A. It
has a “motional impedance,” which is the result of the voice
coil vibrating in its magnetic field in the general area of reso-
nance of the speaker and prodncing a back-e.m.f. which cuts
down on current getting into the voice coil. The driving am-
plifier, finding it harder to force current into the voice coil,
sees a high impedance at the loudspeaker terminals. Since
the speaker cone vibrates most energetically at resonance, the
impedance is highest at that point and, in many instances, it
will be several times higher than the rated impedance of the
londspeaker,

After the area of resonance is passed, the voice-coil excur-
sion “quiets down” and the speaker impedance reaches a
trongh before it begins to rise again. It is at this trough area
that the rated impedance is specified.

The voice coil exhibits the characteristics of a choke. The
impedance rises with frequency and thus the impedance
shown in Fig. 1A indicates a climbing characteristic trend
with frequency. This high-frequency impedance is far higher
than the rated impedance. It is obvious, then, that what the
amplifier will deliver to just a simple speaker is not a straight-
forward matter of E*/Z for Z (impedance) is not constant.
How, then, can one adjust groups of speakers on a line for
power distribution on an impedance-matching basis if im-
pedance is so inconstant?

System Performance Affected

The technician who is involved in installing or specifving
a sound-distribution system, even if only one patio hi-fi exten-
sion speaker or two high-quality speakers in an auditorium,
may rightly question the effect of this variation in the speaker

ELECTRONICS WORLD
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impedance. Fig. 1B indicates the power into the speaker with
a constant-voltage amplifier. This would result in a poor fre-
quency response as it stands, not only for hi-fi but for p.a.
distribution systems as well.

The low-frequency peak in impedance is readily corrected
bv proper damping of the speaker by its acoustic enclosure.
Where p.a. horn projectors are used, low-frequency excur-
sions of the diaphragm are very severely damped by the
acoustic loading of the horn. The rise in impedance at the
high end of the spectrum is not so easily handled.

While the low frequencies are important for providing a
good “bottom” for hi-fi sound reproduction, the middle and
Ligh bands of frequencies are of far more importance. Stereo
perception is made possible only by the wide-angle disper-
sion of the middles and highs. These frequencies determine
the direction from which the sound appears to come. In the
case of the p.a. system, we may not be interested in stereo,
but we are interested in getting the message across. The suc-
cess in getting an audience to clearly understand the speaker
system is to make sure that there is a high degree of articula-
tion from the system. Understandable articulation and intel-
ligibility are the result of good, clean middle and upper
frequencies.

Almost all modern amplifiers are of the constant-voltage
type; hence the simple speaker impedance characteristic
results in a loss of high-frequency power to the speaker.

Impedance Correction

Speaker-impedance characteristics may be corrected so
that the impedance presented to the output terminals of the
amplifier will look more constant, and perit more constant
power to get into the reproducer. This is done by adding
other speakers to the single-speaker system.

Most p.a. technicians and hi-fi installers know that it is
possible to extend the high-frequency range and raise the
level of the system by the addition of a tweeter in a home
installation or by using high-frequency projectors in p.a. sys-
tems. The method by which this performance change is
effected is worth examining in terms of its affect upon the
impedance that the amplifier sees.

The impedance of a tweeter or high-frequency projector is
usually chosen to be equal to that of the low-frequency unit.
This is true whether we consider the case of a simple home
speaker system or a high-power horn system used to cover
large areas. The tweeter is of course not tied directly across
the line feeding the low-frequency unit. A crossover network
is a “must” in such a dual-unit system, or at the very mini-
mum a high-pass filter is required to tie the tweeter to the
line. Let’s examine this last, the simplest type, and the mini-
mum type of crossover used (see Fig. 2A).

The capacitor serves one obvious purpose in this configura-
tion; it keeps damaging low frequencies from getting into the
tweeter which is not designed to handle low frequencies.
However, the degree to which the tweeter is protected is de-
pendent upon the value of the capacitor. At low frequencies
C acts like an open circuit, at high frequencies it acts like a
very small series impedance, small compared to that of the
tweeter. At the very high end, the capacitor inserts very little
impedance into the tweeter branch and very soon the actual
circuit looks like two 8-ohm impedances in parallel. Hence,
the amplifier sees 4 ohms at high frequencies and 8 ohms at
low frequencies. The resultant power into and out of the
speaker system produces an improvement in high frequen-
cies, as in Fig. 2B.

How then can we make the speaker system present a more
constant impedance to the amplifier®? We can add a choke in
the woofer circuit, as in Fig. 3A. In this case the low-pass
filter, the inductor, will prevent high-frequency energy
from getting into the woofer. The woofer choke will electri-
cally “open” up the woofer circuit for high frequencies; just
as the capacitor opened up the tweeter circuit for low fre-
quencies. In effect, then, a much more uniform 8-ohm im-
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Fig. 2. Use of simple high-pass filter with tweeter or high-
frequency projector improves highs but upsets load impedance.

pedance is presented to the terminals of the amplifier, with
better utilization of audio power.

Amplifier Matching Impedance

The advent of the transistor amplifier has made it possible
to provide direct-coupled transformerless output circuitry for
the loudspeaker distribution system.

Long before the transistor amplifier, and even before the
widespread use of the transformer constant-voltage distribu-
tion system with conventional tube amplifiers, systems were
laid out on a matched-impedance basis. But now, we are
going to slay the “sacred cow” of impedance matching. We
have been taught to terminate an amplifier in a matched
impedance, that is, the speaker or speaker svstem has to
match the rating impedance of the amplifier. Not so at alll
This condition is necessary only when it is desired to get
maximum power transfer from the amplifier to the loading
system. The actual amplifier impedance may be very low, as
low as 0.1 ohm (depending on the feedback characteristic)
for a rating impedance of “8” ohms.

An amplifier, like any power generator, has some degree of
internal resistance (Fig. 4). The current from the amplifier
must travel through this internal resistance. There will be a
corresponding voltage drop across this internal resistance,
which will be in proportion to the current being drawn and
the magnitude of the resistance. Obviously, the smaller this
internal resistance can be made, the less will be the loss in
output voltage at the terminals for a given current delivered
to the load. With the present feedback-circuit designs, ampli-
fier internal impedances can be kept quite low so that it is not
at all unusual for the difference between no-load output volt-
age and full-load to be well under 3 dB.

Fig. 3. An LC crossover network provides maximum utilization
of total spectrum power and maintains constant-impedance load.
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Fig. 4. Amplifiers with low internal impedance provide a con-
stant output voltage that is relatively independent of load.

In general. we are not interested in maximum power out-
put into the speaker system. To try to achieve maximum
power utilization from a public-address svstem where all the
power is to be fed into just a small number of speakers would
introduce far more distortion than would be tolerable. The
distortion would not necessarily be the result of the amplifier.
but more likely due to loudspeakers that are rated at how
much power they can accept before damage, rather beforc
discernible distortion. sets in.

Small Distribution Systems & Level Adjustments

Consider a basic small svstem, such as in the suburban
home, to which it is desired to add extensions to the swim-
ming pool, the patio, or perhaps the den, or all three. Tying
on one extension speaker is readily accomplished by simply
putting it directly across one of the already installed speakers.
With present transistor output circuitry there is no noticeable
difference in output or frequency response whether the chan-
nel be loaded with 8 ohms or 4 ohms.

Having gone from an 8-ohm loading to a “mismatched”
4-ohm loading has not significantly affected the power drawn
from the amplifier despite the mismatch. We would guess
that, in this case of home use with a 50-watt-per-channel
amplifier, we would not be drawing from the amplifier more
than 2% of its normal full-power capacity. Even considering
the more economical 23-watt-per-channel amplifier, the 4 to
5% of full power drawn from the amplifier would be more
than enough for most uses.

But how can we control the power level to the added
speaker while not upsetting the level to the original speaker.
Or how can we cut down, or off, the level to the original
speaker and simultaneously provide level adjustment for the

Fig. 5. Distribution of load and volume-control currents
and powers with potentiometer method of level adjustment,

POWER DRAWN BY POT IS LESS THAN 1/6 OF
POWER TAKEN BY SPEAKER

SPEAKER DRAWS NO POWER BUT POT
DRAWS AS MUCH PQWER AS ABOVE

WITH VOLUME CONTROL SET NEAR MAX-
IMUM, POT MUST BE ABLE 70O CARRY FULL
LOAD CURRENT,

extension unit. Obviously, switches provide the easiest solu-
tion but these do not provide the convenience of individual
adjustment rather than “off-on” operation. Some means of
level or volume control must be provided.

If we are dealing with entirely transformerless operation.
not only at the output of the amplifier, but at the speakers
themselves, then the simplest means available for adjusting
level is by use of a potentiometer. Since we are now dealing
with power distribution—even if only three or four watts—
these volume controls or potentiometers must be capable of
handling and dissipating some power.

To prevent undue loading on the amplifier, the volume
control for an 8-ohm speaker could be a 50-olun wirewound
pot, rated at say 5 watts, if that is as high as it is ever intend-
ed to drive the amplifier under practical circumstances. At
maximum volume setting (Fig. 5), the 8-ohm speaker would
be directly across the amplifier with the 50-ohim pot shunting
the line. In this case, the volume control would draw from the
amplifier only about one-sixth of the power drawn by the
speaker—in a small distribution system, nothing too much to
worry about. At minimum, or near minimwn volume setting,
the amplifier will see only the total 50-0hm resistance of the
potentiometer, and again the pot will draw only a very small
amount of power, However, in a complex system with many
speakers. it is obvious that the power consumption of a num-
ber of such volume controls could add up to an appreciable
amount of amplifier power, especially when the amplifier is
operated close to its maximum capacity. If an individual
speaker is adjusted at near maximum level, all the current
being drawn by the speaker passes through the top few turns
of the volume control, with possible burn out if the power
rating of the pot is too low.

Moderate-Sized Systems

Let us next consider a moderate-sized school auditorium
with two column speakers spanning the proscenium, aided by
two supplemental speakers to fill in the acoustically shaded
areas under the overhanging balcony, and another two speak-
ers to help out in the rear of the balcony—a total of six speak-
ers. For the purist on impedances, there will be an obvious
problem of matching the impedance of six speakers rated at
8 ohms to an amplifier rated at 8 ohms. (Four 8-ohm speakers
may be connected together in series-parallel in order to
achieve an impedance of 8 ohms, but what do you do with
six such speakers?)

Certainly we won’t tie all the speakers in parallel; this
would result in 1.33 ohms, far too low even for an amplifier
that could be considered to have a 4-ohm output. Also, should
one speaker become shorted out, then the short would be ap-
plied directly to the amplifier. Even were there to be no dam-
age done to the amplifier, certainly the sound system would
become entirely useless. The alternative of putting the speak-
ers in series is equally undesirable; one open speaker would
in this instance take out the whole system. And as far as
matching is concerned, the series total impedance would be
48 ohms, which again is too far removed from even an ampli-
fier rated at 16 ohms.

Theve are at least two better speaker configurations, as
shown in Fig. 6, two parallel branches of three speakers in
series with the resultant impedance of 12 ohms (Fig. 6A). or
three parallel branches of two speakers in series. with a re-
sultant impedance of 5% ohms (Fig. 6B). Which should be
used? The answer lies not with what impedance do we want
the amplifier to see, but what sound coverage do we expect
to get, and what restrictions or conveniences are there. Since
the major seating area of the auditorium is to be served by
the two proscenium-mounted columns, then most of the elec-
trical output of the amplifier should go to these speakers.
with a smaller portion to the pair of speakers under the bal-
cony, and a different amount to the pair covering the upper
section of the balcony. An arrangement as in Fig. 6B would
make individual level control of each branch relatively easy.
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Also important is that this sort of layout can be accom-
plished by running just one pair of lines from the amplifier
to the three speaker branches, with the volume controls in-
stalled at each speaker-pair location.

Power Distribution in Impedance Networks

Four equal-impedance speakers may be connected in a
series-parallel arrangement to present the same impedance
as one speaker to the amplifier (Fig. 7TA). In this case, the
power delivered by the amplifier is divided equally among
the four speakers. For purposes of reliability, a series connec-
tion of two speakers in parallel is to be preferred. Should one
of the speakers open up, the other three would continue to
operate but with chauged power input. In contrast, in a par-
allel arrangement of two speakers in series, if one speaker
opens up, its other series member becomes inoperative and
the system has lost two speakers instead of one.

There may be some instances where speakers of unequal
impedances are coordinated into an impedance-matched sys-
tem because they may be the only kind available with the
acoustic characteristics required. For public-address practice,
such a combination might be an 8-ohm speaker and a 16-ohm
speaker (Fig. 7B). Two such speakers in parallel result in an
impedance of 5% ohms. The voltage drop across the two
speakers is the same for both and the power division would
be two to one in favor of the 8-olun unit. This unequal divi-
sion of power would have to be taken into account in terms
of the acoustic coverage expected.

The alternate arrangement of series connection of the
unequal-impedance speakers would produce a branch im-
pedance of 24 ohms with a power distribution that would be
two to one in favor of the 16-ohm wnit.

If the main 16-ohm speaker happens to be a conventional
cone-tvpe direct radiator, its maxinium efficiency would be
no more than about 5%. On the other hand. the auxiliary
speaker with the 8-ohm impedance may be of the compres-
sion-driver, horn-loaded tyvpe with an efficiency of easily 25%.
The ratio of power conversion efficiencies of the latter to the
former would then be at least five to one. Combining this
output efficiency ratio with the actual power taken by the two
units gives us 5/1 X 2 = 10 for the parallel connection (Fig.
7C). Thus, despite the fact that the 8-ohm speaker is only
taking twice as much electrical power as the 16-olim unit, it
is putting out 10 times as much acoustic power.

The situation is not quite so upsetting in the series connec-
tion, In this case, the 8-ohm unit is accepting only one-half
the power that the 16-ohm unit will take, so that the power
efficiency/power-input ratio now becomes 5/1 X 12 = 2,
Hence, despite the fact that the 8-ohm unit is taking only
lLialf the input power of the 16-ohm unit, it is producing 2%
times as much acoustic power.

Constant-Voltage Distribution System

The constant-voltage distribution system is a means of dis-
tributing audio power without the user having to match im-
pedances or worry about the effect on one part of his distribu-
tion scheme by changes or additions. To the knowledgeable
p.a. technicians the use of the constant-voltage system is as
simple as the use of the utility power line throughout his
shop. The 120 volts across the whole svstem is considered
constant. The lamp he plugs across the line is marked in
power. The higher the power rating, the more illumination;
the technician doesn’t have to stop to figure the impedance
of the lamp. The manufacturer has already done it for him;
and has marked the lamp with the corresponding power that
it will draw from the 120-volt line (for its built-in imped-
ance). The success of such a svstem lies in the fact that the
system voltage is relativelv insensitive to load.

Similarly, if we can depend upon the constancy of the line
voltage from the p.a. amplifier, we should be able to realize
a number of installation and operational benefits. The advan-
tages are: (a) easy on-lhe-spot sound power adjustment of
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Fig. 6. Multiple speaker networks should be balanced for
acoustic coverage as well as impedance-matching properties.

an individual speaker to suit the needs of the particular area
served by that speaker without upsetting the level of any
other speaker on the line; (b) overcomes the need of either
installation or operational concern with the impedance con-
cept; (¢) conserves audio power; and (d) provides economy
of original wire runs in that only one pair of lines is needed
to cover the whole svstem.

There are some disadvantages to the system. While wire
runs are more economical, each speaker or group of speakers
requires its own line tie-in transformer and the main amplifier
requires one master output transformer. Thus it would ap-
pear that transformer costs are high. However, in constant-
voltage distribution systems, the individual speakers may
often be operated at relatively low power so that fairly in-
expensive transformers of 5, 7%, or 10 watts maximuin are
commonly used.

What is the maximum “constant voltage” that such p.a.
amplifiers will deliver? There are three conunon syvstems in

Fig. 7. (A} Speakers in groups of four may be connected to
produce same impedance as one speaker with equal power di-
vision among them. (B) In parallel arrangement, 8-ohm unit
receives twice the power of 16-ohm unit; in series arrange-
ment, 16-ohm unit will receive twice the power of the 8-ohm
unit. (C) Power efficiency must be considered for best coverage.
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Fig. 9. Network mesh systems may be employed with the constant-
voltage system where speaker group may be considered single load.

use; the 140-volt, the 70-volt, and the 25-volt. The 140-volt
system is used in areas where there are very large and wide-
spread distribution systems and where large amounts of
power are to be transmitted; the high voltage cuts down on
the power losses in the line by decreasing the current and the
subsequent losses. The 25-volt system is generally used in
schools, hospitals, and similar institutions, where the electri-
cal code of the municipality may consider any voltage above
25 volts as dangerous and a fire hazard. The most popular of
the three systems and the one most used is the 70, or more
precisely, the 70.7-volt system. It meets most community
electrical codes as far as hazardous operation is concerned
without the need for enclosing the system wiring in armored
cable, a matter of great economic importance to the architect
and system designer. The reader is referred to Section 640.5
of the National Electrical Code for more complete details
on proper installation.

It the matched-impedance system, it is the installer who
must juggle the impedance around and calculate the neces-
sary impedance branch values to determine what sort of
speaker layout configuration will be required. In the constant-
voltage system, this is taken care of by the manufacturer of
the amplifier and transformers. When the user gets the line-
matching transformer, taps on one of the windings are marked
In power, power that will be taken from a 70.7-volt line when
the other winding has connected to it a 4, 8, or 16-ohm
speaker (Fig. 8A). There are no calculations to be made by
the installer.

These relationships will hold for the transformer, provided
that the input volage to the transformer (line voltage) is
maintained at 70.7 volts. The amplifier gain control should be
set at that point where the loaded amplifier delivers 70.7 volts
rm.s, across the line at program peaks. Once this output
voltage is set, then the transformer power ratings that arc
indicated will hold.

Power across an impedance is P = E2/Z. thus in the 70.7-
volt system the power delivered to any load across the system
would be P = (70.7)2/Z which is equal to 5000, Z. The
5000 number makes the transformer impedance for a particu-
lar power-marked tap easy to determine for the manufactur-
er and for the user as well. Assume we have a transformer
with an 8-ohm secondary to which is connected a speaker
also rated at 8 ohms. 1t is desired to deliver 50 watts to this
speaker. What should be the primary impedance to accept 50
watts from the 70.7-volt line? Z = E*/P = 5000, 50 = 100
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chms. Now suppose we want to draw only 5 watts from the
line, the primary impedance of the amplifier would now have
to be 5000/5 = 1000 ohms. We don’t have to go through
these calculations; the manufacturer has done it, and con-
veniently marked these primary taps in terms of power
(Fig. 8B).

The individual constant-voltage transformer at each speak-
er makes it possible to quickly adjust the power into the
speaker for a given sound coverage. There is another advan-
tage where there is a mix of cone speakers and hom types.
Compensation may be quickly made for the greater efficiency
of the horn over the cone. If we wanted to get as much power
out of the horn as the cone is delivering, and the cone is tied
to the 5-watt tap of its transformer, then we would tie the
horn to the 1-watt tap of its transformer. This would take
into account the 5 to 1 efficiency ratio. If we wanted the horn
system to be twice as loud as the cone, we would now step up
its tapped position to the 2-W level.

As far as the amplifier is concerned things are spelled out
quite simply at its terminal board. The line terminals are
marked with “70” volts, or “140” volts, or “25” volts. Natu-
rally, the individual line transformers should correspond to
the particular voltage system used; don’t use 70-volt trans-
formers on 25-volt systems, for then the markings would be
incorrect. However, there are some transformers that have
both a 70-volt tap and a 25-volt tap for use at the speaker
itself.

There is one limitation as to how far one can go in the
process of just tying speakers across the line indiscriminately
with transformers, and this limit holds for the transformerless
matched svstem as well. When all the power drains on the
line by all the speaker transformers and the speakers arc
added up, the sum should not exceed the total power capac-
ity of the amplifier, It is easier to add up these powers by
counting noses, as it were, in the transformer system. In the
matched-impedance system, one would have to make actual
voltage measurements across each individual speaker in use.
convert the individually measured voltages to power, and
then add them up.

What shall we do with a transformer that is marked in
impedance with no mention of power, and we wish to use it
on a constant-voltage line? Using the number 5000 which we
derived above, we can easily convert primary impedance
ratings of a transformer to power ratings. As an example, sup-
pose the transforiner had a primary marked 167 ohms and a
secondary marked 8 ohms. What power would this trans-
former take from the 70.7-V constant-voltage line for its
8-ohm speaker load? As from above P = 5000/Z = 5000,/167
= 30 watts. If there were a tap marked 335 ohms, this would
solve out as 15 watts (or 3-dB down). Some manufacturers
of constant-voltage transformers indicate along with the
power the actual impedance that a tap represents when the
transformer is loaded with the proper secondary impedance.
This universal transformer can be easily used in a true con-
stant-voltage system or in “mix and match” networks of
speakers where the transformer is used simply as a level
control rather than across the line.

To show that we are not completely “anti-user-impedance”
minded, there is nothing to prevent the system designer from
combining the two system philosophies if the situation war-
rants. He may use a line transformer to feed a combination
of series-parallel circuits if he so desires (as in Fig. 9) with
the advantage that he can have many such groups where
each group is relatively independent of the others because
they are coupled to the constant-voltage line through their
own group transformer.

(Concluded in December issue)

Epitor’s Note: A subsequent and concluding article in this
series on p.a. systems will go into the loudspeakers them-
seloes, The various types will be discussed along with their
comparative characteristics.
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assisted in setting up and currently directs the aciivities of the company’s
Printed Circuit Lab. He has given technical papers and holds two patents.

Printed-Circuit Technology

By SAL DINUZZO / Head, Engineering Technician Div.

Engineering Dept., Hazeitine Corporation

An overview of the important characteristics and
fabrication techniques of printed wiring. Practical
information on making and using PC boards included.

UCH engineering trinmphs as the Apollo moon <hots

weuld have not been feasible if it had not been possible

lo reduce the weight and size of the intercomecting
wiring of the electronic hardware. A giant stride forward
in that direction was the development and refinement of the
lechnology for the fabrication of printed wiring. If it had
been necessary Lo use deserete hook-up wire and power bus-
hars, the veliieles woule have weighed almost too much to
get off the ground. In addition. the countdown blast-off too
wottld have been mueh longer because of the inordinate time
required for checkout and testing of the dixerete hook-up
wiring.

The developnient of printed-eircuit (PC) boards has kept
pace with the fast-moving acrospace industry. Today we
use PC boards in applications that were unheard of a decade
ago: in motors, antennas, transformers. equivaleni coaxial
cables, and ather applications. For more mundane applica-
tions, the PC hoard is the mainstay of the interconnection
world.

Discrete verzus Printed Wiring

Even the most ardent promoter of prinled wiring will add-
mit that there arve many instances where diserete point-to-
point wiring car do a better job. To help equipiient design-
ers decide between dizerele and printed wiring, listings of
advantages ansd drawhacks are presented in Tables T and <.
Table 2 ix a cost-evaluation table developed by one major
clectroniex company (Hazeltine) for the guidance of its en-
gineers m deciding on the most ccononiical choice between
discrete wiring ane the many different PC techniques. This
charl shows the relalive cost pereentage inerease for a given
PC hoard design as related Lo the Lype of plating employed.
Note the increase in cast as the design becomes more com-
plex and sophisticated. Additional characteristics are noted
relative o space, solderability, and corrosion resistance.

PC Board Sizes

Trrespeetive of the euvironment for which PC boards are
designed, there are pradtical maximum and minimum dimen-
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sions. The size is usually selected as a compromise between
conflicting requirements.

Large PPC boards containing large amounts of cirenitry
and circuit interconnections require fewer external inpuls
and oulputs and fewer connectors. This is particularly ad-
vantageous for high-speed logic or wide-hand video circuits.
because the high-frequency signals ivolved can often be
confined to a single board. and thus need not enter the ex-
ternal board-to-hoard wiring. However, large boards reqguire
special provisions for mechanical support in order to salisly
both vibration and shock requirements. Twist of the base
material makes automatic dip soldering or flow soldering
troublesome. Also. large boards become costly to replace if
damaged areas cannol be repaired. or if defective parts
cannol be replaced.

Small PC boards in multiple quantities usually entail
many interconneceltions. which results in a reduction of re-
liability. Connectors add weight and inerease costs, However,
small boards do not alwayvs dictate a higher cost per square
imeh because multiple fabrication technigues may be enm-
ploved. For example. small PC bhoards can often be designed
<0 that multiple boards may be laid out. Tabrjcated. asscm-
bled, soldered. and finally cut apart before actual delivery.

Whenever possible, a standard size for modular constrie-
tion should be considered. standardization in size frequently
allows the duplication of common design features among
different boards and thus reduces costs by saving design
man-hours.

The Printed-Cireuit Industry

The Institute of Printed Cirenits (1PC) | 3525 Peterson
Rd.. Chicago. Llinois 606 +3. is condueting a two-phase sur-
vey designed to measure the size and scope of the printed-
circuil market. The first phase is a study of the dollar value
of printed-cireuit boards produced and sold in 1968 by 80
independent producers. A detailed response of the partici-
paling companies has indicated sales of approximately $152.-
000.000 including single- and double-sided ’C boards, multi-
layer PC boards, and flexible PPC boards. The analysis
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Advantages of Printed Wiring

1. Lower cost of interconnectiens
for large-volume production.

2. No conductor-interconnection errors.
3. Reduction in test time.

4. Repeatable wiring for critical circuit
layouts (shielding and isolation).

5. Lower assembly cost with automatic
component insertion and soldering
equipment.

6. Lower weight because of lack of insulation
and associated hardware.

7. Improved reliability because of repeat-
ability and better solder joints.

8. Parts easily identified.

9. Circuits more easily protected against
environment.

10. Miniaturization simpler and less costly.

Disadvantages of Printed Wiring
inflexible to change and repair.
Expensive for low or medium quantities.
Design usually restricted to one plane.

Higher skills required for layout,

design, and assembly.

5. Thermal and vibration design difficult
and often impossible.

6. Special equipment and tools required
for assembly and repair.

7. Purchasing difficult because of complexity

of product.

Table 1. Characteristics of printed wiring compared to discrete.

showed that the companies operated at about two-thirds of
total capacity.

This phase of the survey also covers plans for expansion
this vear. The same 80 companies presently have a com-
bined total of more than 8700 employees and plan to add
approximately 2500 within the next 12 months. a manpower
inerease of almost 30 percent. Additional floor space. as well
as new equipment. is also planned. This expansion should
be sufficient to handle the increase in demand for printed-
circuit hoards and other printed-circuit products during
1969 and 1970.

Of particular interest was the IPC estimate of printed-
circuit boards produced “in-plant” by various companics
not included in the phase-one survey. It was estimated that
approximately the same dollar value as shown by the 80
participating companies was “in-plant.” This means an addi-
tional $152,000,000 or a total market value of $301,000,000
for 1968.

Making a Printed-Circuit Board

In the design and fabrication of printed-cireuit boards, in-
puts are usually necessary from several enginecring groups,
such as electrical. mechanical, industrial. and chemical fields.
These professions are supported by specialized skilled erafts-
men.

Before layout can be started on printed-wiring artwork.
the electrical engineer usually furnishes a schematic or logic
diagram with reference designations (when applicable) and
a component list. The mechaniecal engincer usually furnishes
an ontline drawing or engineering sketch of the circuit board.
A ELECTRICAL SCHEMATIC

The schematic of the circuit is usually provided by the
electrical engineer. The schematic should be complete and
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must contain the following important items of information:

1. All inputs, outputs, test points, and internal connec-
tions should be indicated. The interconnections between sub-
assemblies should be designated (and cross-checked with an
outline drawing, if available) . Connector pins should be des-
ignated. An attempt should be made to standardize voltage
and ground pins common to the particular equipment.

2. All circuitry and leads should be isolated. Shielding
should be noted where it is required.

3. All tube pins, transistor leads. diode leads, transform-
ers, test points, relays, and other terminal components
should be numbered, and polarity indicated. where applica-
ble. Direetion of rotation of potentiometer shafts (as viewed
from the shaft end) should be shown.

t. All voltage values and ground points should be desig-
nated. Peak voltages should also be noted. These reference
voltages are needed to determine the spacing between con-
ductors. whether or not the board is coated.

5. Any special configuration requirements. such as short
lead lengths. orientation of components, minimum capaci-
tance. voltage gradients. and ground planes should be noted.

6. A\ complete component list. including part numbers,
should be provided. When a specific part number is not avail-
able. information as to physical configuration and method of
mounting should be included. All component values should
be indicated, as well as voltage and wattage ratings.

7. If the schematie covers more than one IPC board. the
boundaries of cach board should be shown by enclosing its
cireuitry with a broken line.

B. OUTLINE DRAWING

The outline drawing is usnally furnished by the mechani-
cal engineer. The outline drawing should be complete and
contain the following information:

1. The dimensional outline and stock thickness of the
board.

2. The board mounting or locating holes and any mount-
ing holes for special hardware or brackets.

3. When applicable. clearance between adjacent boards
and between hoards and swrrounding chassis or other ad-
Jacent components.

1. Maximum projection of components (when available) .

5. Board material. plating. and finishes (when available) .

6. Datum lines (“X” and “Y™) from which all loles and
contacts are to be referenced. Tloles located on these refer-
ence lines are nsually manufacturing holes.

7. If the printed-wiring board is one of a family of similar
boards, the outline drawing should contain all the common
features (outline dimensions. contact fingers, mounting
holes. material. finishes. reference dimensions, manufactur-
ing holes. test points, keying dimensions. and reference
drawing numbers) .

C. PRELIMINARY ARTWORK

The preliminary artwork establishes the basic format for
the board. All the trim lines. ground conductor, connector,
and mounting-hole marks. and other fixed patterns are aceu-
rately placed on the preliminary artwork. This step is used
wlen multiple similar boards are to be laid out. Ounly the
common features which appear on all boards are shown on
the preliminary artwork.

The finished size of the PC board is established by the
outline drawing. The most practical scale for the artwork is
four times the finished size. but the size of the board and
the required line definition may dictate the choice of another
seale. For example, if the board is longer than 10 inches. tvo
times the finished size should be employed. For any artwork
larger than four times the finished size. a check of camera
limitations should be made. Where possible, the artwork
pattern should not exceed 24” X 36” because of the increase
in material and other costs.

The preliminary artwork for single-sided boards is made
as if viewed from the solder side {conductors). It is impor-
tant to remember that a 180° shift (mirror image) in views
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is common unless lettering or nomenclature is used on the
conductor side. The process is the same as for a two-sided
hoard except for the component-side view and registration
marks.

The following procedure is typical for preparation of pre-
liminary artwork for two-sided boards:

1. Secure a grid sheet to the sloping front of a light box.
The next step is to overlay with a translucent Mylar film
{Stabilene) , with the matte side up. Allow sufficient blank
border for the reference outline dimensions, trim lines. and
registration marks. This will be the component side of the
board.

2. Designate all corners of the board using printed-wiring
tape. The trim lines should never be less than '32 inch from
the artwork pattern on the finished board. Trim lines are
only for use during the preliminary fabrieation cycle.

3. Aflix appliques or printed-circuit drafting aids on the
finger or connector area, manufacturing holes, X-Y grid ref-

erence. and any other repetitive items such as ground strips,
board extractor holes, and test points.

4. Lay down the registration marks.

5. Remove the component-side artwork and turn it face
down on the grid. Center the manufacturing holes on the
grid intersections. Overlay with another Mylar film of the
same size. which will be the solder side of the board. Secure
the second sheet. matte side up, to the first.

6. Lay down the registration marks within the designated
tolerance (usually 0.002 inch) of those on the component-
side layout. :

7. Repeat the applicable parts of steps 2 and 3.

D. LAYOUT

To determine whether all parts and printed wiring will
fit within the usable area of the board, a free-hand sketch
showing the conductors is made (Fig. 1).

The following procedure is typical for a two-sided hoard.

1. After securing a grid sheet to a light box, overlay it with

Table 2. Varicus manufacturing techniques used for PC bg over and above the cost for the copper-etched board.
cost percentages represent additional costs for the platinoards, along with characteristics and costs. Note that the

ADVANTAGES

LIMITATIONS APPLICATIONS

Least costly: no space
restriction: mux, toler-
ance permissiote

Solderability better than
Finish A; eyclets can be
used

Corrosion & tarnish
resistanee; no space
restriction: wood solder-
ability s evelets can be
used: low noise voltage
Corrostm & turnish
resistance; anti-callingt
cood shiding surtace

Less costly: evelets
& funaelets cun be used

©ocireuits on
wir solder-

Space savi
buth sides:
abhiy

Loerreuits on

cood repro-
duction: tess w dercutting

than Pusa

Spuace suvins: cireuits vn
buti sides, long suelt ife

Space suving: cireuits on
both sudes: lonz shelt life;
cvod reproduction: less
undercutting tnan Funsh 1T

Circuits on both sides;
good plug-in connection
wear

Circuits on both sides;
good plug-in connection
wear

PLATING
cosT
FINISH DESCRIPTION METAL THICKNESS PERCENTAGE
A One-Sided, Copper Etched  Copper Clad — =
(No Plating) 1oz , 0.00135%in ;
2oz , 0,0027 in
B One-8ided, Solder Plated Solder (Sn60-Pbi0}. <0
0.0005 in min,
C One-Sided, Nickel Gold Nickel, 0.0005 in min, 50
Plated Gold, 0,00005 in min,
22.8 K min)
D One-Sided, Nickel Nickel, 0.0005 in min. 50
Rhodiun Plated Rhodium, 0.00002 in
mi,
0.00005 in
max,
E Two-sided. Copper Etched Copper Clid ~ S
(No Plating) loz ., 0.00135in ;
20z . 0.0027
F Two-Sided, Plated-Thru 1oz . Copper Clad -— 109
Holes (Holes Sensitized, Copper Plate. 0.00Y in 3
Surface Resisted. Solder Solder. 0.0005 in
Plated;,
20z ., Copper Clud —
Copper Plitte. 0.002 in :
Solder. 0.0005 in
G Two-Sided. Plated-Thru 10z . Copper Clad — 140
Holes (Holes Sensitized, Copper Plate, 0.001in
Copper Plated, Surface Solder. 0.0003 in
Resisted, Solder Plued).
2 0z . Copper Clud —
Copper Plate, 0,002 in ¢
Solder. 0.0005 in
i Two-Sided, Plated-Thru 1oz . Copper Clad — 120
Holes ({oles Sensitized., Copper Plate. U.001
Surface Resisted. Copper,  Nickel, 0,0005 in
Nickel. & Gold Plated) Gold, 0.00003 in
2 0z . Copper Clad -——
Copper Plate. 0.002 in 3
Nickel, 0.0005 in ;
Gold, 0.00005 in
I Two-Sided. Plated-Thru 1oz . Copper Clad — 1€0
Holes (floles Scnsitized, Copper Phite. 0.001in
Copper Plated, Surlace Nickel. 0.0005 in ;
Resisted, Nickel & Gold Gold. 0.00005 10
Plated).
20z . Copper Clad —
Copper Plate, 0,002 in
Nickel. 0.0005 w0
Gold, 0.00005 in
J Same as Finish F & (I Same as Finish F, 130
Plug-In Connections. Plug -In Connection:
Nickel & Rhodium Plated Nickel, 0.0005 1
Rhodium, 0.00002 in
nin,
0.00005 in
max,
K Same as Finish G & I Same as Finish G, 220
Plug-In Conncctions, Plug-In Connection:
Nickel & Rhodium Plated Nickel. 0.0005 in ;
Rhodium, 0.00002 in
min,
0, 00005 in
max.

No corroisunt & tarsh
resistatice; poor solder-
abiluty

Limited corrosion &
tarnish re ance:
number of circuits

Nunther of circuits

Nou-solderable:
sources ot supply

No corrosion & tarnish
resistanee: poor sulder-
ability

Reproduction varies
with plating technique;
underculling prevatent;
limited corrosion &
tarnsh resistance

Limuted corrosion &
Lirnisa reswstance

Reproduction varies
with plating technique;
undercutting prevalent

Sources of supply

High cost: sources
ol supply

Iligh cost; sources
of supply

Commercial products,
instrumcents, throw-
away segmeoents

Samc as Finish A

Switches.
slip-rings

commutators,

Switches, commutators,

slip-rings

Low cost. commecrcial

Miniaturization

Miniaturization. ctose

wlerances, high quality

Miniaturization

Miniaturization, closc
tolerances, high quality

Miniaturization

Miniaturization. close
tolerances
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the preliminary artwork (component side) . Regiater the
loles on the grid, and overlay the preliminary artwork witl
a piece of tracing paper.

2. Lay down all required pads. centering them on grid
intersections. One pad is required for each component lead.
The pads should be the same size for like components, Using
a black lead pencil, sketeh in the components or symbols be-
tween pads.

3. Indicate connections bhetween component pads nsing
different colored pencils or solid and dotted lines to represent
the component side and solder <ide of the board. respectively.
The same lines should never cross.

Note: Keep all components which are associated with in-
puts and outputs at the bottom portion (near Ui con-
nector) of the board. In many cases this will not he possible.
Therefore. an area on each side of the hoard should be left
free for bringing the conductor leads down to the connector.
Special consideration should also be given to test points
that may be used.

Caution: Be sure that the proper spacing is maintained
between pads and conductors and between conductors. Re-
member that the width and spacing of the pencil lines are
not in proportion with the actnal conductor pattern.

The procedure for the layont of a single-sided hoard is the
same as for a two-sided board. Only one color or solid-hlack

Foe ot g Te P TR
2 2 G S A ' '%\
@ Ul ,m’

Fig. 1. Free-hand drawing showing typical layout of a PC board.

Fig. 2. Finished artwork from which master pattern is produced.

sines are uzed. The layout ix viewed from the component side.
EARTWORK

The artwork {Fig. 2) is a tape-up representation from
which the master pattern is generated. It contains all the
features required on the finished board and must be accu-
rately scaled.

The following procedure is typical for a two-sided board:

1. Secure the grid sheet to the sloping front of a light box
and overlay it with the preliminary artwork (component
side) . Register the holes on the grid intersections.

2. Using the layout ax a guide, duplicate the pad patterns
on the artwork. The pads should be centered on the grid
intersections within the tolerance allowed (usually 0.005
inch).

3. Interconnect the pads as indicated on the layout (color
pencil lines or solid black lines) using the printed-wiring
tapes. Do not cover the holes in the pads because this side is
usually used for subsequent drilling operations, The dough-
nut-shaped pads are used as a drilling guide when the fabri-
cation technique employs hand drilling.

4. The component side of the board is nsually identified
by placing the axsembly part nuniber within the field of the
artwork. The lettering should have the same contrast as the
artwork tape (the lettering should he opaque) .

5. Remove the coniponent-side artwork from the light

box and reverse so that the taped-up art-
B work is face down. Register the holes on

1Q9 @@ © the grid intersections and overlay it with
- the preliminary artwork (solder side),
registering both artworks within the al-

lowed  tolerance  (usually 0.002 inch),

using the registration marks.

6. Lay down the lines as indicated by
the colored-penetl line or dotted line of the
layout. Cover all the holes in the pads.
Make sure the line tape is pressed tightly
against the artwork in the vicinity of the
pad to prevent reduction in the line width
during the photographic generation of the
master pattern,

7. Using the pads on the component
side artwork as a guide, lay down the pads
within the specified tolerance (usually
PRI 0.010 inch).

F.MASTER PATTERN

The master pattern. which is usually
supplied on a stable photographice film. is
a copy of the completed artwork. It is
made shortly after the completion of the
tape-up artwork because the tape-up is
only a temporary representation of the
pattern. The tape is subject to creepage

%
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and loosening. Sometimes features fall off
the tape-up over a period of time. The
mastern pattern is employed as a tool
which, when reduced to the final scale, is
used in the manufacture of the printed-
circuit board.

Basic Fabrication Process

The fabrication process for printed-cir-
cuit boards is similar to the photographic
process used in lithography. There are
many different methods which can be em-
ployed to create a circuit pattern. The two
major methods are the additive and sub-
tractive processes. The additive process
deposits the desired conductor pattern on
an unclad non-conduective base. This proc-
ess ix usnally proprietary and is becoming
more popular because of its potentially
low cost. The subtractive process is most
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commonly used thronghout the industry. This method etches
away unwanted metal from a completely clad base. leaving
the desired circuit pattern clad on the non-conductive base.

When large quantities and low cost are desired. «ilk screen-
ing 1s used to print the pattern. This method is easily
repcated and requires standard skills and equipment. Hole-
drilling equipment is programmed to the standards used
during lavout. If too many different hole sizes are used in
the design. the board price increases due to repeated drilling
set-up costs.

High-density board designs require close spacing. fine lines,
and high definition. and are therefore more expensive to
fabricate. Screen patlerns cannot be used hecause sereening
inks (resist) have a tendency to flow after deposition and
definition is generally poor due to inherent sercening prob-
lems. The method for producing the pattern on high-density
boards (spacing below 0.015 inch) requires the use of photo-
graphic resist. This is a liquid photosensitive enmlsion
which gives excellent results on fine-line definition. Special
skills must be developed for its application. processing. and
handling. Surface adhesion and resist breakdown during
plating and/or etehing are the most common causes for fail-
ure. P'rocess repeatability requires careful in-process quality
control and. preferably. an environmentally controlled work-
ing area.

The latest development in sensitized surfaces for printed-
cirerit boards is a photosensitive sheet film resist known as
“Riston.” This material was developed by Dulont and re-
quires special laminating equipment for its application. The
expostre and development processes are the same as with
liquid photo-resist. In addition to the high-definition capa-
bilities, the film has a tough surface which requires minimum
touch-up. thereby reducing cost. This processing technique
is gaining popularity. particularly witlh companies who have
in-house I’C hoard fabrication facilities.

PC Breadhoard Technique

There are a number of simple wayvs to breadboard a
printed-circuit board without generating artwork or going
through the formal layout steps. One favorile is to use pre-
punched insulated boavds manufactured by a nnmber of
companies. Terminals are staked into position and intercon-
nections are made by using wire jumpers between terinals:
mounled connectors and other features are hand-wired into
place. The only special tool needed is a et of dies to stake
the terminals.

The use of these simulated PC boards enables the desiguer
to closely approximate the final product. In fact. this tech-
nique is often employed for limited-quantity prodnction and
expevimental units, The obvious lmitation in this bread-
Loard technigue is that imposed by the fixed-hole pattern.
The technique allows changes and addition to be casily
made.

Another breadboarding method employs copper-clad lami-
nates upon which drafting-aid tapes are affixed to forn the
interconnection pattern. The tapes perform the same fune-
Lion as the resist does during the etehing exvele. The tape-up
s similar to that used on the artwork but it is laid out at
final scale. These etchied-cireuit kits are available in many
variations under different tradenames.

Repair and Handling

When repairing PC boards, it is necessary to develop
ligh-quality workmanship skills using special techniques aned
tools. Repair kits are available which not only contain
unique tools bul also such items as copper foil. epoxy cement.,
conductive epoxies. exclets, solvents, swabs. and other special
items. Some common faults which require repair are as
follows:

1. Damaged conductors (cut lines).

2. Lifted conductors (lines, pads).

3. Blistered or delaminated base materials.
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Don't scratch conductors.

Don’'t stack boards
without protecting surfaces.

Don’t dip-solder while the board
is ladened with moisture.

Don't use flux-ladened solvents for cleaning.
Don't use excessive heat and pressure.

Don't electrically overload
conductors and components.

Do handle board along edges
(like a color slide).

Do prevent moisture absorption.
Do keep clean.

Do use proper heat sinks,
crimpers, and bending tools.

Do package in containers to avoid abuse.

Do remove contaminants

from under components (flat packs,
transformers, and pots)

resting on board surfaces.

Table 3. Listing of handling do’s and don't’s for PC boards.

4. Poor conductivity of connector contacts.
5. Component replacement.

6. Warped boards.

7. Addition of components,

0]

. Damaged plated-through holes.

The techniques for making repairs dictate the special tools
and skills required. For example. a cut line is repaired hy
first tinning the broken conductor and pre-tinning the bot-
tom of a strip of copper foil which is cut to the proper width.
The foil is then reflow-soldered in place, using a fine-tipped
pencil soldering iron. 1t is customary to cover the repair with
cpoxy cement after it has been properly cleaned.

1t is essential to note that contamination of any type dur-
ing board repair is certain to produce subsequent failures.
Unlike discrete insulated wires. conduetors on boards rely on
base-laminate resistivity for their suceessful use. .\ common
crror in board repair is the failure to remove afl flux and
residue to prevent organies (flux and dirt) from reducing
the surface resistivity and eventually forming unwanted con-
ductive paths both inside and on the surface of the dielectrie
base malerial.

Never handle a PC board in a rongh manner. The useful
lite of a PC hoard is dependent upon its history of treatment
during the fabrication and assembly phases. Even if a board
is designed for a rugged environment, rough handling should
not be tolerated. Special skills in handling must be developed
to insure optimum success during the total life evele. .\ list-
ing of important handling do’s and don't’s are shown in
Table 3.

PC manufacturers commonly package their finished prod-
uets ina plastie zipper-top bag. This lends itself to re-use of
the bags during storage. assembly, and testing phases by the
board user. Dirt and scratched conductors, prime causes of
circuit failure, are avoided by using these hags.

An cqually important failure factor is moisture ahsorp-
tion. Blistering and delamination oceur more frequently
during humid periods. Conductors lift more easily when
gases and moisture are driven from the base material due
to high heat. It is recommmended, during high-humidity con-
ditions. that the moisture content of the PC hoard be re-
duced before dip soldering (use a slow baking eyele or pack
i desiceant over a period of time) . A
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The author joined the company in 1960 with a sales
engineering background in commercial refrigeration.
He studied at NYU and Hartford Institute of Accounting.

High-Density PC Boards

By HAL R. ROFFMANN, Jr./Executive Vice-President

The Sibley Company

Smaller components and more complex equipment have led to higher
density and multilayer boards. Here is how the user can help to
alleviate some of the manitfacturing problems and reduce his costs.

IGH-DENSITY electronic packaging has caused
H severe problems for the printed-circuit manufac-

turing ndustry. Smaller conductor lines. tighter
spacing, stringent hole locations, relationship of hole size
to pad size, and plating requirements specified to satisfy
a variety of soldering techniques all add up to process and
production difficulties in deterntining manufacturing yields
and in predetermining costs.

What is meant by a high-density printed circuit? Ac-
tually the amount of circuitry on a printed circuit has lit-
tle to do with the number of processes involved. A cireuit
with two holes and one conductor line will travel the same
route in process as its more complicated brother. A eircuit
with many terminal areas and conductor lines will only
require more time in hole drilling. retouching, and inspec-
tion. All of the other processes remain the same.

Although the number of processes is the same. the most
significant difference between the simple and the dense
printed circuit is the size of the multiple-inlage panel
which can he used. A variety of factors dictate the feasible
size of a panel for manufacturing purposes. Obviously, it
would be prohibitively expensive to manufacture a circuit
of reasonable size one at a time. The usual techinique,
therefore, 1s to step-and-repeat the image photographically
and to apply as many processes as possible to the panel or
“flat” containing a number of circuits which are separated
later in the fabrication process.

Fig. 1 shows a plated-through hole cirenit which can be
manufactured in a panel containing eight circuits. The fol-
lowing characteristics had to be analyzed in order to de-
termine if an “8-up panel” would be feasible.

1. Physical size of the panel: Tt must be compatible with
all plant equipment. such as tanks, drilling equipment,
and screens.

2. Relationship of holes to cireuitry pattern: The holes
in this circuit, as related to their surrounding terminal
arca. will yield a nominal 0.020” of metal remaining be-
tweeun the edge of the liole and the edge of the terminal
area. The specification for minimum annular ring tells us
we must have 0.010” minimum metal remaining after all
processing. Thix results in an over-all tolerance of 0.010”
which will permit the pattern to be applied by the screen-
ing process over the total distance of the 8-up panel. The
tolerance used nn in screening can be as much as 0.005”

s
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which leaves us an additional 0.005” for other processes.

3. Plating specifications: Plating thicknesses must be in
the normal range: Copper. 0.001” to 0.002”; nickel, 0.0002”
to 0.00005”: gold. 0.00005” to 0.0001”: or solder. 0.0003"
to 0.001”. If plating thicknesses are specified beyond these
ranges, too large a panel may develop high-current density
areas which can result in unequal amounts of electroplate
being deposited over the entire area.

4. Hole sizes and tolerance: If a wide range of hole sizes
is specified. too large a panel will cause difficulty in plat-
ing down to the desired diameters. The circuit in Fig. 1
requires only 3 sizes, the smallest being 0.030”. It must be
rementbered that the final diameter of a plated-through
hole is created by electroplating. Therefore, the drilled size
has to be substantially larger than the specified finished
hole diameter.

4. Order requirements: Two factors which are often over-
looked by both the customer and the manufacturer are
time and money as related to manufacturing feasibility.
Tighter-than-normal tolerances can easily be met (a) when
the requirement involves only a small number of circuits
(1 to 25 picces). (b) when the economics of the procure-
ment permit high cost per unit {$25 to $50 each for a cir-
cuit which, in large quantity would cost $8-810). and (c¢)
when sufficient time is available for careful tooling and
processing by the manufacturer.

In view of the many assessments neccessary to successful
compliance with high-density specifications, it becomes
mandatory for close conmmunication with potential sup-
pliers. This line of conmunication must be opened very
early in order to avoid designing into a potential trap. De-
sign criterta and specification writing should be done in
consultation with the printed-circuit supplier or suppliers.
Time-consuniing or not. this policy can preclude the possi-
bility of expensive or even impossible criteria creeping into
specifications and on to blueprints.

High-density printed circuits can best be defined by list-
ing their characteristics. Any one of these items prevalent
in either the design or its related specification will place
the circuit in the high-density category.

Design:

1. Conductor widths (at 1:1) of less than 0.0107.

2. Spacing between conductors or terminal areas (at
1:1) of less than 0.010”.
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3. Dimensional hole locations, expressed either in true
position or a linear dimension equivalent to =0.003”,

+. Integrated-circuit hole patterns, with or without con-
ductor lines passing between the holes.

5. Plated-through hole diameter tolerances less than
+0.005”,

Specifications:

1. Front-to-back registration of less than =0.003".

2. Annular ring requirement allowing less than =0.010”
from the nominal, Example: Pad (terminal area) diameter
at 1:1 is 0.062”7. Finished-hole diameter is nominally
0.010”. Annular ring (amount of metal remaining between
edge of hole and edge of pad) specified is 0.005”, Nominal
annular ring is 0.0117, leaving permissible mis-registration
of hole and surrounding pattern of only *0.006".

3. Spacing or conductor dimension tolerances less than
*0.0027.

The most significant factor in all of the criteria related
to distinguishing between a high-density printed circuit
and a “"normal” printed circuit is the relationship of the
plated-through hole to its surrounding terminal area. This
becomes the focal point for a multitude of accumulated
tolerances. The designer’s first consideration should be
“functional acceptance.” In consultation with his quality-
assurance engineers, it must be decided exactly what will
constitute a reliable solder connection at the terminal area
for the desired end result. For example, it is obviously not
the prerogative of the printed-circuit manufacturer to de-
termine whether a minimum annular ring of 0.003” will
vield a solder eonnection substantial enough for the en-
vironmental conditions of the end equipment. In some ap-
plications, the plated-through hole can drift all the way to
the very edge of the terminal area without causing any detui-
mental effects to the integrity of the device. while in other
equipment it may be mandatory to leave no less than 0.010”
of metal remaining at any point in the 360 degrees of the
terminal area. Although a determination of solder-joint
reliability is difficult, it is of extreme importance in order
to avold over-specifyving, or imposing impossible tolerance
restrictions on the manufacturer.

The following factors are involved in the accumulation
of annular ring tolerances:

1. Artwork Preparction: The tolerances start to disap-
pear even at 4:1. Commercially available tapes and ter-
minal areas (pads) have a tolerance. A pad which, at 1:1,
should be noninally 0.062”7, at 4:1 can be as much as
0.002” out of dimension. Before it is even laid down on the
Mylar, a potential 1:1 dimension of 0.0005” can be miss-
ing. The method by which the pads are applied to the
Muylar master is of extreme importance. Laying pads down
by hand on a grid can use up as much as 0,107 at L1,
with a resulting 0.0025” disappearing at 1:1.

2. Hole Drilling: Many different types of equipment are
used in the industry for drilling printed circutts. The most
accurate drilling can be achieved with numerically con-
trolled tape cquipment. Although some of the equipment
manufacturers advertise repeatable tolerances of 0.0005” to
0.0017, in actuality the printed-circuit manufacturer is
achieving 0.0015” to 0.002” and. in some cases where
equipment 1s not properly maintained. even greater vari-
ances. Production quantities also involve stacking of panels
during the drilling operation. If this is not done judiciously,
drill wandering will further compound hole drift.

3. Pattern Delineation: The least expensive method of
applying a printed-circuit pattern is by screening. Further
cost benefits are realized due to the fact that sereening inks
will withstand plating cycles more reliably than other di-
rect photo-printing methods. There is less breakdown of
the plating resist and. therefore, less subsequent opera-
tions for removal of unwanted plating. With a carefully
controlled sereening operation, many high-density patterns

are “screenable.” Depending upon the size of the multiple-
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Fig. 1. Example of circuit requiring only three hole sizes.

image pancl, however, there is enough movement of the
screen during the operation to cause pattern shift up to
0.005”. Here. again, the terminal area is nioving in its re-
lationship to the pre-drilled hole.

4. Plating: Plating build-ups can change the terminal
area dintension significantly. Therefore, allowances must be
incorporated in the master artwork commensurate with the
plating specifications. Where tight spacing and tight con-
ductor width tolerances are specified, the master artwork
may have to be drawn on the low side, on the nominal, or
on the high side of the tolerances depending upon the metals
to be plated, their respective thicknesses, and their sequence.

5. Etching: The thickness of the copper foil on the base
material will have its effect on the end dimensions. The
least effect on the artwork dimensions is achieved by using
0.001 1" (one-ounce) copper foil and then pattern plating
the rest of the required copper. This leaves a minimum
amount of unwanted copper under the plating resist, and
etehing can be achieved with less undercut and a minimum
effect on the pattern dimensions.

A tolerance study of the foregoing steps in creating a
printed circuit reveals some disturbing facts. When the
manufacturer receives the master artwork he stands a good
chiance of having lost 0.0025” of tolerance before the pho-
tographic reduction. Assuming that the rednetion is ex-
tremrely aceurate. he then proceeds to manufacture faced
with the certainty that he will lose another accumulation
of at least 0.007” just between hole drilling and screening.
If the plating and etching processes cancel each other out
dimensionally, he will reach the end of the road having
used up a total of 0.0095”. Thus. if a terminal area is laid
out at 0.062” and is to contain a 0.010” hole with an
annular ring specification of 0.005”, the only additional re-
maining tolerance for the manufacturer is 0.0015”. Al-
though this is a “worst-condition™ analysis, it points up the
critical aspects of high-density circuit design as related to
the allocation of necessary tolerances for manufacturing
feasibility.

When high-density packaging imposes designs and speci-
fications which approach optimum manufacturing capabili-
ties, consideration must be given to expanding the design
to multilayer boards. Relief in conductor-line proximities
and hole size to pad size relationships can be accomplished
by using the multilayer technique. It is often more eco-
nomically feasible to design a more expensive multilayer
printed circuit than to attempt to achieve the same funec-
tions on a two-sided. extremely dense printed cireuit. A
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Printed-Circuit Laminates

By NORMAN A. SKOW / Vice-Pres. & Tech. Director
Research & Development, Synthane-Taylor Corp.

The laminate, the base material on which PC board components are mounted,
must have the proper electrical and mechanical characteristics. Here s
what is available, along with guidance in making the proper selection.

assembled printed-circuit boards, for the circuit e-
signer requiring good electrical and mechanieal quali-
ties, and for the ultimate user looking for high reliability
and good performance, the quality of the metal-clad lami-
nate used for the printed-circuit hoard ix an important item.
To get high yield, it is important to use copper-clad lami-
nates that are free from pits and dents and whicl are readily
sheared, punched, or sawed. If the laminate is free from
defects like these. it will help to climinate open circuits and
high resistance points. two faults which dcerease printed-
circuit bhoard reliability.
Production of high-quality circuits can be achieved by

FOR the processor seeking high production yields of

Top and bottom of a printed circuit an a nickel-clad glass-
epoxy laminate shaws fine-line circuitry that can be etched.

photoengraving, silk screening, or offset printing if the boards
are flat and the copper clean. In addition, the board must be
adequately bonded not only between the layers of laminate
but also between the laminate and the metal.

This bonding is important if delerioration of the board or
separation of the board from its circuitry is to be avoided.
The laminate must be able to offer sufficient resistance to
acid. alkali, and solvent attack during the fabrication and
processing.

The need for sufficient bonding of metal to laminate board
is even more critical where fine-wire circuitry or wiring must
be produced. In addition. the hoard must have heat resis-
tance to stand up to the temperature of the solder bath
without deterioration. This must be true for boards that
have been stored for long periods of time, as well as for
those which are new.

To meet these requirements, the correct resin binder must
be used. it must properly impregnate the right reinforcement
material, and from that point on the laminate must be
given “white-glove” handling in atmosphere-controlled clean
rooms. Final inspection and shipment must be under equally
controlled conditions.

Metals Used for Cladding

Of the cladding metals available, the only ones used to any
great extent are copper, aluminum, and nickel, and of these
copper aceounts for more than 99% of boards manufactured.
Aluminum is readily available in film form and adheres well
to laminates, but is handicapped by relatively poor soldering
efficiency.

Electrolytically deposited nickel is also available and has
several advantages, such as scratch resistance, tarnish resis-
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ULTRA-
RIGID THIN FLEXIBLE
Poly- ) |
Phenolic Polyester | Epoxy | tetra- Epoxy Polyimide Film
fluoroethylene”
Cellulose Paper X X Generally used
without reinforcement
Glass Mat X X
Woven Glass Fiber X X X
*Such as DuPont’s Teflon

Table 1. Materials commonly used to manufacture PC laminates. Various resins {shown horizontal)
are used to impregnate a number of different reinforcement materials {shown at the left of table).

tance, and weldability. But higher costs of mickel over cop-
per and aluminum represent a major disadvantage.

Copper of printed-circuit quality is used in large quantities
hecause of ready availability and because the metal can be
made to have uniform thickness and density, and is Iree from
pits, pinholes, and scratehes.

Copper Tor printed-cirenit boards can be manufactured
with one surface that is readilv solderable and the other
treated to produece consistently good bonds to the laminate.

Selecting the Proper Laminate

In order to seleet the proper laminate. the end nser needs
to know the properties of the grades that are available. Of
the 80 grades of luminates, less than a dozen are used in
printed-circuit board applications.

Laminates are made in three different classifications: rigid
board, ultra thin panels for multilaver board. and flexible
films for flat cahles and fexible printed circuitry. The mate-
rials that are commonly used to manulacture these types are
shown in Table 1.

Printed-circuil rigid boards of paper-phenolie construetion
have various Lradenames and are designated by the National
Elecivical Manufacturers Association (NEMA) and the
American Society of Testing Materials (ASTM) as grades
NP XNXP. XXXPC. and FR-2. These grades are relatively
inexpensive and can be used in such commercial applications

Multilayer board measuring 0.07-in thick consists of five
layers of ultra-thin glass-epoxy copper-clad laminate. Four
of the layers have copper on both sides, the fifth has cop-
per on one side. The registration of each layer is held to
within 0.003 in of the first layer. Over 800 plated-through
holes are used, ranging from 0.028 to 0.144 in in diameter.

Table 2. NEMA and military grade designations of laminates, along with some of their typical applications.

, . NEMA Military* | .
Reinforcement-Resin Designation Designation l Typical Uses
Paper-Phenolic XP : Radio Circuits
Paper-Phenolic XXXP ' Radio & TV Circuits
Paper-Phenolic XXXPC | Radio & TV Circuits
Paper-Phenolic, flame FR-2 PH | Radio & TV Circuits
resistant
Paper-Epoxy, flame FR-3 PX : Comp_uter & Military
resistant Circuits
Glass Fabric-Epoxy G-10 GE ’ Airborne Computer
Circuits
Glass Fabric-Epoxy, temp. G-11 GB Airborne Computer
resistant i Circuits
Glass Fabric-Epoxy, FR-4 GF { Airborne Computer
flame resistant I Circuits
Glass Fabric-Epoxy, ‘ FR-5 GH . Airborne Computer
flame resistant, Circuits
temperature
resistant
*MIL-P-13949E
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Flexible printed-circuit film offers advantages of lower
cost, less space, and smaller volume. High flexibility
of pliable film permits creasing without breaking circuit.

as radio and television receivers where a flat, strong board
is needed. These grades are relatively warp-free and have
good impact strength, high adhesion. and excellent insulation
resistance, in addition to good dimensional stability. Glass
mat polyester type board also finds limited use in commer-
cial markets.

The glass-epoxy and glass-polytetrafluoroethylene lami-
nates maintain excellent electronic properties even under
severe hnmidity environments. They are therefore designat-
ed for more sophisticated applications in computers, military
clectronie devices, and communications equipment or any
electronic device requiring the highest reliability even under
extreme temperatures and humidities.

While rigid boards are made from these few materials.
they are manufactured in various grades. These grades are
shown in Table 2. which indicates both NEMA and military
grade designations. The thickness of rigid board is from 4.7
to 14”7,

In order to inerease the circuit concentration in a small
spaee, designers have gone 1o smaller and multilayer boards
necessitating the manufacture of ultra-thin laminates, These
thin laminates may vary in thickness from 0.002” to 0.051”
(1327}

The two laminates generally used in making multilaver
boardx are NEMA grades G-10 and FR-4, which are desig-
nated GE and GF by the military.

Flexible printed-circuit laminates are flat, pliable, copper-
clad films mannfactured from high-temperature thermoset
adhesive and a flexible plastic film substrate. Among the

Atmospherically controlled white-room conditions help keep
PC laminates free from defects. Here pre-pregnated mate-
rials and copper for cladding are stored and weighed out.

films used in this type of laminate are polvamide. fluorinated
ethylene propylene (FEP) ., polyvinylidene fluoride (PVF),
polyethylene terephthalene. polyimide. polyvinyl chloride,
flexible epoxy glass, and tetrafluoroethylene,

The basic difference between rigid and flexible wirtng is in
the base material to which the copper foil conductors are
bonded. In rigid board it is stiff laminated plastic, in flexible
wiring it ix a pliable plastic fili.

Flexible printed circuitry offers advantages of lower cost,
lighter weight, and smaller space and volume without Joss
of reliability. One added advantage of flexible printed wiring
is the fact that its manufacture poses no particularly diffcult
production problems.

The films possess excellent dimensional stability and resis-
tance to soldering temperatures. The hasic properties of a
flexible Jaminate film coupled with the thermoset adhesive
permit cirenit fabrication with extreme ease due to the high
chemical and heat resistivity of the copper-clad film. Tt is
also possible to use high pressures in multilayer cirenit
production without circuit rupture. The extreme flexibility
of this laminate, available with copper cladding on one or
both sides, permits 180° creases in any direction without
cracking, rupturing, or separating the foil from the dielectric
film.

(Editor's Note: For further information on this type of
material, refer to the article “Flexible Printed Wiring™ in
this Special Section.)

Sizes and Dimensions Available

Printed-cirenit laminates are available in standard sizes
and thicknesses. Rigid circuit board comes in 36”7 by 367,
367 by 727, and 217 by 96” sizex. Some grades are available
in 36” by 12” and 86” by 18” sizes. Some grades may be sup-
plied in 2+ widths and in lengths longer than 96”. Standard
rigid board thickness ranges from %42” to 14”. Copper foil
-aries in thickness from 0.0011” to 0.007” and is bonded to
one or both sides of the board,

Ultra-thin laminates for use in multilayer hoards come in
thicknesses ranging from 0.002” 16 0.031”7. The same copper
thicknesses are used here as on rigid board. and the copper
-an be bonded to either one or two sides. Ultra-thin lami-
nates are produced in standard sheet sizes of 86” hy 86” and
36”7 by 18”7 Some PC-laminate manufacturers will cut panels
to size.

Flexible copper-clad film laminates are manufactnred in
maximum roll widths of 59” and maximum roll diameters of
17 (2000 feet) . Flexible film measures from 1.5 to 9.9 mils
thick with copper on one side. and from 2.5 through 14.8 mils
with copper on two sidex. In addition to copper. other netals
can be used in metal-clad laminate construction, among
these are steel. Nichrome, Kovar, and nickel.

PC Laminate Costs

The cost of printed-cireuit laminates depends on the type
laminale selected. Further variation in costs results from the
different materials from which the laminate is manufactured,
In general. the more sophisticated and eritical the applica-
tion, the higher the cost of the laminate.

Printed-circuit laminates were developed and used success-
fully for the first time about 15 years ago. The first efforts
were to develop the proper mechanical and electrical proper-
ties and adequate peel strength of the copper during solder-
ing.

These problems were solved in the early years. Bul more
recently attention was directed to improving copper-clad
material in the face of today's trend toward miniaturized
clectronic eireuilry.

Meeting these more exacting requirements has created a
demand for laminates with greater dimensional stability and
stronger resislance lo processing technignes. Great strides
have been made in these direclions <o far and more will be
made in the future. A
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Computer-Designed PC Boards

By J. A. BAUER / Advanced Digital Design Manager
Missile and Surface Radar Division, RCA

How and when computers should be used to produce artwork for
PC boards. Computer hardicare and programming are described.

ILITARY and commercial electronic systems are

becoming more complex as performance require-

ments inerease. Through use of low-cost digital -
tegrated circnits these requirements can be met cconomi-
cally. Electrical components can he reliably packaged and
interconnected on multilaver printed-circuit boards. Inter-
connections between component leads and conduneting-hoard
layers are made by plated-through “vie™ holes.

Critical to the production of printed-circuit boards is the
artwork required for cach laver of conductors. The artwork
must contain all interconnecting information in preeise and
accurate form on film or glass transparencies to expose the
copper layers for subsequent etching to form individual
conductors.

Printed cirenits can range from a shuple. single-sided
board with a few components and connections to compli-
cated boards with hundreds of components and thousands
of interconnecting copper paths, Manufacturing artwork for
the simple board is easily laid out and checked by hand. but
the multilaver board poses problems in component place-
ment, lead routing. and multilayer circuit tracing. Since
multilayer boards are extremely complicated. they are better
handled by the high-speed digital computer which is capable
of large-scale processing without error.

Two avennes of approach have proved practical and are
being concentrated on within the printed-cirenit industry.
One is com puter-aided design where the computer is used as
a bookkeening and drafting tool. Entered data is displayed
by way of a cathode-ray tube where it can be controlled by
the designer. The other is design automation, which makes
use of sophisticated computer software programs to make
decisions. such as where to place components. how to route
wire paths, and how to test the finished board. Both systems
lave one thing in common—the requirement for a complete
deseription of the printed-cirenit board. Within the com-
puter memory the size. shape, and detail geography of the
board must he laid out. The memory must also include a
pattern of allowable interconnection points for the compo-
nents and connectors and a grid system for the possible paths
of interconnecting wires, At this point it becomes obvious
that a set of printed-circuit boards for any one job should
have common physical ditmensions and placement grid. not
only 1o reduce the task of the packaging and fayout design-
er, but also to reduce the effort in entering this data to the
computer, Since this is 1he practice whether a eonesoler is
used or not. the compuler presents no limiting facior,
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Although both computer-aided design and design automa-
tion are tools in printed-cireuit design, this article will con-
centrate on design automation because of its rapid decision-
making capability in addition to bookkeeping and. therefore,
its faster operation in preparing large-scale artwork for C
hoards.

The computer can't cheat, lie. or steal because it is con-
strained to operate within its program. It is not capable of
inventing new methods of solution to a problem as the pro-
gram progresses. Therefore, it is desirable that the computer
program take into account as many subtle factors as possible
in order to achieve competitive operation with the human
designer’s layout, For this reason, computer programs are
diffienlt and time consuming to write and are considered to
be a major effort.

Design Automation

A typical printed-circuit artwork program consists of a
memory bookkeeping section, an interconnection checking
section, a component placement seetion, a wire path routing
section. and a magnetic tape output to a numerically con-
trolled artwork generator. In addition to the artwork pro-
gram. drill point location and test programs may also be pre-
pared to drive numerically controlled drills and test machines.

Inputs to the system are the board configuration and the
interconnection list of the components. A flow diagrant of a
typical design automation system is shown n Fig. 1.

After the board eonfiguration and the interconnection list
have been entered either by means of keypunched cards or
other mechanisnis. the computer is programmed to check the
interconnection list for completeness. If an error has been
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Fig. 2. Numerically controiled artwork generator produc-
ing the artwork for a group of nine identical PC boards.

ntade in transeribing from the togic diagram or in making the
logic diagram. the computer produces an ervor list which is
typed out and Ted back to the designer. A typical cheek run
by the computer ineludes completeness of wiring path: a
wiring path must terminate al connections.

After eheek of the manually generated data, the compulter
is programmed to place components so they will be inter-
cannected as simply as possible, ‘The usual placement eri-
terton is to rediee to a minimum the length of conneclions
while taking into acconnt the available channels for inter-
connections i each direction. For instance. if the board
geometry dictates that only two wiring channels are avail-
able between components in the N direetion and fonr wiring
channels are available in the Y direction. this factor should
he considered in preparing the computer program so that
component placement is made with more wires available i
the Y direction. Component placenient is dome by the place-
ment algorithm.

The computer rapidly assembles the tolal wiring length,
then re-arranges components and ehecks wiring lengths again
to achieve a mintnn total wire length. An additional
constraint can bhe made to eliminate excessively long inter-
conmection paths, particularly for eritical sienals. Becitse
the compuier can make multiple placements and wiring
length calentations very quickly, several thonsand alternaie
placements can be made before the optimum placenent is
selected,

Routing Program
T =

Once an optinmm placement ix selected, a routing pro-
gram is nitiated. Tn s phase. the computer atlempts Lo
tlerconnect contponents in aceordance with the inlercon-
nectton list given to it by the logic designer. At this puint. il
ix progranmed to operate like a norse runting throueh a
maze from stact to end of the inderconnect—it mnst avoid
components, wiring pads. and previonsly laid onl wiring
paths. This is called the ronting or mawe-ruuner program,
However mdike the monse in a maze. there are nsnally nuany
alternate patls available 1o make an interconnection. The
interconnection may ~tay on one layer of the printed-cirenit
hoard or it may be allowed 1o go from layer to layer. I may
he preferable Tor it to follow one direetion over another in
order to avoid blocking interconnections which will be made
later. Mso Qs possible path may be so long around ot her
components and wires that it would be preferable to reerve
the path for a different layver on the board where the path
would he shorter. Al of these various constraints should he
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taken into account when setting up the routing program.

It has been onr experience that as the computer program
is made more sophisticated in this area. better perforntance
is achieved. thereby inereasing the number of interconnect
per layer of artwork. Most of the industry’s efforts are con-
centraled on improving computer programs hecause the
more factors that can he taken into account in the program,
the more eflicient the artwork can he made.

The current state of the art indicates that human inter-
vention is stll desirable in order to reduce the number of
layersin densely packaged printed-cirenit hoards. However,
it is also highly desirable to have all of the information -
cluded within the computer <o that direetions ta the nu-
merically controlled artwork generator, deill. and tester can
include all data.

A typical example of computer routing for a densely pack-
aged board mounting one-hudred integrated cirenits may
take two hours of computer time and produce eight lavers
of signal wiring. With manual intervention. the number of
layers may be reduced to s<ix. A prototype multilayer board
may be made with the computer program. then changes to
the interconection and additional edited reduction of print-
ed-cireuit signal layers may be made for the production
boards along with any additional changes determined by
prototype test. s many as 22 layers have heen suceessfully
interconnected with printed-cirenit techniques. indicating
the current suceess of this methaod.

The programming complexity required by computer fay-
out of muttilayer printed-cireuit boards indicates that this
service requires a large investment. Therefore. it is nsually
more cconomteal to utilize available programs from one of
the large printed-cirenit producers, who will accept cirenit
or logic diagrams or interconnection lists rather than re-
quiring eacli engineer to start from serateh to generate com-
puter programs effective enongh to prepare artwork.

The engineer and packaging designer should then consider
very carefully whether it would be more efficient to matnally
lay out his densely packed printed-cireuit boards or utilize
one of the available services of the printed-cireuit manofae
turer. One of the items Lo be taken into acconnt is the mum-
her of errors produced by the many steps of manual place-
ment and layont of thousands of interconnects, and the
resiltant reeveling of artwork to correet mistakes compared
to the relatively error-free operations of design antomation.

Fig. 3. Example of computer-generated artwork in which
most of the lines are in the Y, or vertical-axis, direction.
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The designer should also consider the time savings of design
automation caused by rapid computer operations.

Making the Artwork

Once the placement and interconnection routing have
been accomplizhed. a magnetic tape is prepared by the com-
puter to drive a numerically controlied artwork generator.
Fig. 2 shows an artwork generator in operation. 1t is possible
to prepare artwork to within 0.000 k-inch accuracy with this
machine made by the Gerber Scientific Co. Notice that mul-
tiple artwork is being prepared on one master so that a group
of nine identical printed cirenits can be etched at one lime.
The machines, currently used by RC A, drive a light head
whiclt exposes the filn master on the table. Two machines
are available to produce automated artwork for printed-
civeuit boards, integrated cirenits, and for shadow masks for
color-TV picture tubes.

An example of computer-generated artwork is shown in
Fig. 3. which is a sketeh of one of two layers of a multilayer
board prepared for checkout before final artwork is made.
The typical layvouts for a pair of adjacent layers results in
artwork in which most of the lines in one laver run at right
angles to most of the lines in the next layer. This is an
important programmed portion of the computer-generated
artwork because a single X (horizontal-axis) connection
allowed to cross a layer with most of the connections in the
verlical-axis (Y)Y direction could block paths of many wires
in that laver. thereby limiting the wiring density of the
laver pair.

Other. more subtle. effects ean oceur when attempting to
program multiple-layer printed-civenit eards. For instance,
it is desirable to vary the interconnection path selection de-
pending on which edge of the board is being wired in order
to 1ake maximum use of the board edge. It is also desirable
1o anticipate the result of using ri¢ holes by the computer
program since it may be more efficient to reserve them for
manual additions.

Considering the above information. the circuit-card de-
signer may feel that designing an efficient automated art-
work program is specialized and expensive. This is true. At
least several man-years of professional programmer’s time
are required 1o prepare the computer software which is com-
pelitive with manual layout methods. There is no simple
mathematical proof for any of the placement and routing
algorithms used. They must be invented and tested by prac-
tice with actual printed-circuit boards to gain suflicient ex-
perience in predicting performance.

Since the exact nnmber of layers to be produced by the
automated program is difficult to predict for densely packed
hoards. it is desirable to have a manual editing program to
tuke advantage of human inventiveness and vi:nalization
which the compuler program cannot have built in. As an
example of performance currently obtainable. a circuit board
wilh 800 interconnecting wires may he produced automati-
cally in eight lavers and. with additional manual editing,
could be reduced to six.

The Equipment Involved

The equipment involved in automated artwork should also
be considered. The limiting factor of the computer nsed to
design large multilaver printed-circuits is the memory ca-
pacity. Each grid point capable of accepting a wiring path
must be entered in memory. A printed-cirenit board with
dimensions of 6 X 6 inches and a grid of 50 thonsandths of
an inch requires at least 30.000 bytes of memory. A board
with 25 thousandths of an inch grid requires 120.000 bytes
of memory. Alternatively. a 12 X 12 inch board with 50
thousandths of an inch grid requires 120.000 bytes of mem-
ory. This memory capacity is supplied by a medium- to
large-scale computer.

The compulter. when properly programmed. is capable of
preparing tapes «riving numerically controlled artwork gen-
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Fig. 4. Using automatic equipment ta run continuity and
short-circuit tests on campleted printed-circuit boards.

erators. These may be of the high-speed, mediun-acenracy
-athode-ray-tube type or the slower speed but highly accu-
-ate electro-mechanical plot board. These are the two major
hardware components required for automated artwork prep-
aration. Although it is possible to vent service on these de-
vices. most of the producers making printed-circuit boards
have them available in-house. RC.1, Moorestown, has avail-
able on its Spectra 70/35 compuler. a memory capacity of
262,000 bytes. Two highly accurate Gerber photoplotters
are also available. Each completed cireuit board must be
tested to assure quality. At our printed-circuit facility.
automated continity and short-circuit tests are run by the
DIT-MCO tester shown in Fig. 4.

Because of the large investment in time and equipment,
design automation for ultilayer printed-cireuit boards will
be most effectively used as a service from the printed-circuit
manufacturers rather than as separate programs generated
by each of the designers. This currently available service
reduces artwork production time and cost and should be con-
sidered in choosing PC manufacturers.

Automated artwork can be most advantageously applied
to more complicated. densely packed integrated-circuit
boards requiring multiple layers of interconnection. Single-
laver boards are currently laid out more efficiently by man-
nal means. One of lhe reasons is that as complexily increases
<o does the chance for making errors in manual artwork.
These errors are difficult to cateh and only one error in an
800 interconnect board requires maodifications of the hoard.

Future Developments

Automated artwork ix one of the items required not only
for efficient production of multilayer printed cirenits but
also for large-scale integraied cireuits. An advance in one
of these technologies will also benefit the other. The state
of the art is rapidly improving because of the newness of the
field and the current availability of all the tools. such as
computers and plotters.

The limiting factor advancing the state of the art is the
inventiveness of prograimuers preparing software. Certainly
in the future computers will produce more calculations per
dollar and plotters will become faster and more accurate,
still the capability of automatic artwork will depend on the
capabilities put in by the progranmer.

In addition to solving the placement and routing prob-
Jems. the programmer will be adding wiring rule caleulations
for solving reflection and cross-talk cansed by interconnec-
tions of high-speed circuits. Moreover. minimum test specl-
fications and a program to define and locate logic errors will
also be added in the future.

Programs are available to check the logic by simulation
and to prepare waveforn and timing checks. When these are
integraled into the over-all printed-circuit artwork prepara-
tion. the engineer will be assured of the proper logic opera-
tion in accordance with his design as well as efficient artwork
production and test. A
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The author received his engineering degree from the Univer-
sity of London in 1939. Shortly after his service in the U.S.
Army in World War H, he co-founded Columbia Technical
Corp. of which he is a Director and the Vice President.
He was General Manager of its electronic-components divi-
sion until 1966 and now manages its HumiSeal Div., which
manufactures conformal coatings for the electronics industry.
He is a member of the IEEE and a Lt. Col. in the Reserves.

Conformal Coatings for Printed Circuits

By VICTOR LEIBMANN

HumiSeal Div., Columbia Technical Corp.

Providing a barrier against humidity, abrasion, solvents, and fun gus 18
the job of the coating. Used on just about all military PC boards, these
coatings are gaining acceptance in both industrial and consumer products.

ITE greatest deterrents to the proper functioning of a

PC board assembly are the environmental stresses un-

der whicli it is to operate. Humidity is generally recog-
nized as the principal culprit, as the military learned from
bitter experience on jungle battlefields stretching from the
Pacific Islands to Vietnam.

While other environmental stresses, such as dust. shock.
vibration, and temperature extremes, may affect the per-
formance of a P’C board, humidity. especially when under
high temperatures, will invariably degrade its electrical per-
formance and eventually lead to ultimate failure. Humidity
will, for instance. drastically lower the insulation resistance
between printed conductors, cause arcing, corrode condue-
tors, and stimulate fungus growth.

A barrier against environmental stresses was therefore
needed. hence, the emergence of conformal coatings. These
have become a must on all military electronic PC boards
and are steadily gaining acceptance in industrial and con-
sumer electronic systems,

A coating must, first of all, constitute a barrier to protect
the board and its components against harmful environmental
effects. In addition. it must also satisfy many other fre-
quently conflicting prerequisites. It must be hard enough
to withstand abrasion and marring, but flexible enough to
withstand temperature shock or flexing without tearing. It
must be viscous enough to build up an adequate film thick-
ness, but thin enough to flow under and around closely
mounted components, It must be easy to handle and apply.
e economical, have a long pot life, be non-toxic, have a wide
operating temperature range, a low water-vapor permeabili-
ty, and have many otler desirable characteristics.

Needless to say, such an ideal coating does not exist nor
is likely to ever be forimulated. Therefore, we must trade
oft one characteristic for another and concentrate on those
which are really essential to assure reliability of performance
under those particular environmental conditions specified
for the equipment.

Selecting a Coating

This may be a difficult task indeed. The number of coat-
ings of every description now available is overwhelming;
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however, only a relative few are suited for electronic appli-
cations. It would be unwise for the packaging engineer to
consult a resin manufacturer directly. rather he should turn
for assistance to coating manufacturers who specialize in
materials suitable for electrical and electronic applications.
Such manufacturers usually have a selected line of coatings
which have been carefully formulated to offer those mechani-
al, electrical, and chemical characteristics that are most
desirable. Their printed data is generally directed to the
electronic engineer and contains extensive information from
which he can determine if a particular coating meets his
specific requirenients.

Generally speaking, most conformal coatings used for coat-
ing ’C boards are formulations based primarily on epoxy,
polyurcthane, or acrylic resins and, to a lesser extent, on
polystyrene, diallyl phthalate, silicone, and polyimide resins.
Many variations within each chemical group are made pos-
sible through the addition of various chemicals which en-
hance some particular characteristic of the coating. some-
times at the expense of another. Table 1 gives a comparison
of the average group characteristics of PC board coatings
most frequently employed.

Preparation of the Board

Before a board is coated, it must first be thoroughly dried
and cleansed of all extraneous materials. such as solder flux,
mold release, oil, dust, fingerprints, and moisture. A clean
and dry board is one prerequisite which will govern the effec-
tiveness of the coating: its importance cannot he overem-
phasized. A good work flow plan will usually specify several
successive washing and drying operations before a board is
submitted to actual coating.

Many of the customary cleansing methods may be used:
vapor degreasing, ultrasonic cleaning, or washing in tri-
chloroethane, Freon. or other similar solvents. Cleansing is
followed by a period of forced drying to remove all traces
of solvent or moisture. The board should then be protected
from further contamination until it receives its first appli-
cation of protective coating.

Sharp edges, corners, and ridges are the most difficult to
coat, as coatings have a tendency to flow away from them.
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These should be rounded off, if possible eliminated entirely.
Leads sticking out prominently beyond the board are par-
ticularly unreceptive to coating; they should either be bent
or clipped short.

Areas of the board which should be free of coating are
usnally masked off. Flat areas, such as contact fingers or
slides. and tunable components are covered with masking
tape: cavities, such as test jacks. are plugged with a tooth-
pick or a tapered pin of suitable size.

The Coating Process

Coatings may be applied by brushing, dipping. spraying,
sercening. or flowing. OF these, dipping and spraying are
most frequently used in production: both methods are gnite
readily adaptable to either mannal or automatie methods of
operation.

Dip coating is the most reliable method since it assures
that a hoard is totally covered with coating material. The
angle and speed of immersion and withdrawal are important
and must be optimized to avoid air bubbles and allow coat-
ing to flow freely and uniformly. Speeds of withdrawal are
usnally on the order of 2 to + feet per minute.

The viscosity of the coating must be monitored and elosely
maintained by gradual addition of solvents. otherwise the
coating thickness and penetration nuder and around com
ponents will he greatly affected.

Spraying can be accomplished with conventional low-pres-
sure spraying equipment. In a manual operation. a certain
degree of skill is reguired of the operator to assure thorongh
coverage and uniformity. Here again. both in a manual or
an antomatic operation, viscosity has to be maintained at
a constant level.

The Drying Operation

Following the dipping or spraying operation, the boards
are allowed to dry in a dust-free arvea. either at room tem-
perature or in ovens, depending on the materials that are
used.

Most contings will be dry to haudle in under one hour at
room temperature: this could be expedited by exposure to
moderate heat. A dry film. however, does not necessarily
mean that it is fully enred and has reached its optinnm

properties. Full cure for most coatings requires heat, but
some others will cure by exposure to oxygen, or to ambient
moisture.

It is a good practice to apply two or three successive layers
of coaling to a board as this will minimize the possibility of
pinholes which would provide a path for the ingress of mois-
ture. A total build of 1 to 8 mils is usually an adequate film
thickness for most purposes. The thickness of the film can
be controlled by thinning down the liquid coating witl an
adequate solvent.

Military Specifications

MIL-I-16058B specifies the requirements for electrical -
sulating compounds for coating printed-cirenit assemblies.
This specification classifies coatings in Tour groups: epox-
iex. polyurethanes. silicones. and polystyvenes. \eryhie coal-
ings. although widely used. are not included at the present
time.

Testing under this specification is primarily electrical at
steady state as well as under environmental conditions, such
as humidity, temperature extremes, and imniersion in water.
Other tests evaluate the coating for flexibility, vesistance tu
fungus, and thermal shoek.

Electrical tests are performed on specimen IPC boards con-
sisting of two parallel conduetors I-ineh long by 0.030-inch
wide. laid 0.030-ineh apart. The coating applied must have
a thickness of 2 2= 0.5 mils.

The US. Army Electronies Command maintains a Quali-
fied Product List (QPL) of produets which have heen quali
ficdd under the requirements of this partienlar military spee-
ifieation.

Whether 1 coating is qualified under this specifieation or
not. it is still desirable. if not mandatory. that it be evaluated
in the syslem in which it is intended to be used. Tt st be
remembered that qualification of a produet under this speei-
fication is performed under ideal laboratory conditions and
with specimen hoards that are flat and devoid of compo
nents. Results obtained in testing production boards may
be. and usually are. substantially lower than the minimuom
requirements established in this specification. Henee, the
necessity to ascertain that the minimum requirements of
the svstem are also met. A

Table 1. Comparative characteristics of commonly used coating materials used for printed-circuit boards.

COATING MATERIAL EPOXY URETHANE | ACRYLIC SILICONE | POLYIMIDE | pDIRLEYL
2 i
Electrical Properties ! Ex Ex Ex Ex Ex Ex
Resistance to Humidity | G Ex G Ex Ex G
Resistance to Solvents G Ex F l G Ex G
Resistance to Fun—gus Ex G Ex l Ex Ex Ex
‘ Resistance t—c; Abrasion ' Ex G G __l Ex [ Ex Ex
M"‘Tﬂ::e’“ra?fr‘:a“"g 180°C 130°C 130°C 220°C 220°C 180°C
Flexibility G ‘ Ex G G G P
Adhesion Ex Ex Ex G G G
Repairability P i G Ex none none none
Curing Conditions Ro:rmo\tlzr:p. Ro:rmo\tlzr:p. Ro:rmo\tlzr:p. Oven Oven Oven
Shelf Life 6-12 mos 3-6 mos 12-24 mos 6-12 mos 6-12 mos 3-6 mos
Ex: Excellent; G: Good; F: Fair; P: Poor
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Mr. Hecker is responsible for the marketing of all standard
Amphenol Industrial Div. PC connectors as well as develop-
ment of new products. He has had twenty years of marketing
experience combined with a close association with en-
Previously
Cessna Aircraft and E.C.l., he joined Amphenol in 1961.

gineering and production.

Mr. Novak is responsible for marketing special PC
connectors that are developed for specific application
programs. With 14 years experience in electronics, he
has worked directly with production, industrial, and
design engineering departments. He was formerly
associated with Hotpoint, joined Amphenol in 1960,

associated  with

Connectors for PC Boards

By PHILIP C. HECKER and CHARLES T. NOVAK / Product Managers
Standard and Special PC Connectors, Ampheno! Industrial Div., The Bunker-Ramo Corp.

The great wvariety of comnectors makes selection difficult,
but it does away with the need for expensive, custom designs.
Here is guidance in making the proper connector selection.

HE constant demand for printed-circuit board con-
nectors to meet specific circuit requirements has re-
sulted In a most awesome collection of configurations,
sizes. contact designs, and spacings. Although the variety
can make connector selection difficult, it does allow use of

Group of typical Amphenol printed-circuit board connectors.
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existing or “standard™ connectors in a large number of ap-
plications that might otherwise call for custom designs re-
guiring expensive tooling.

Evaluation of several circnit parameters helps to reduce
the number of connectors that can be used in a given ap-
plication. Each connector can offer the right qualities for a
wide range of uses. To realize maxitnum benefit from a
given PC connector. however. it must be employed within
its best range,

One of the most important factors to consider—and one
that is often overlooked—is the probable number of in-
sertion and withdrawal cycles.

Tvpes of Contacts

Contact design and plating determine the number of
cveles that a connector can undergo. For applications with
500 cyeles or less. several contact designs are used. One
type resembles a tuning fork in which the extra-long spring
base of the contact and the contact material resilience
provide a wide flexing range with elastic reserve. A base
plating of copper or nickel is followed by gold plating.
These contacts have been tested for 300 cyveles of insertion
and withdrawal plus a #8-hour salt-spray exposure with
only negligible change in contact resistance.

Tuning-fork-type contacts can effectively accommodate
printed-cireuit boards from 005k to 0.71-in thickness.
Micro-finished contact surfaces afford excellent insertion
characteristics and controlled lateral float of the contacts
permits accommodation of warped boards with positive
continnity of all circuits.

For applications requiring more than 500 insertions and
withdrawals, bellows-type contacts are recommended.
These contacts, formed from phosphor bronze or beryllium
copper strip. have a convex contour that concentrates hear-
ing pressure on the mating surface, displaces semiconduc-
tive film that may exist, and reduces voltage losses to a
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minimum. Plating is usually gold over copper or gold over
nickel. The bellows action of the contacts absorbs the
actual deflection force so that maling surface can with-
stand in excess of 1000 insertions and withdrawals,

Many bellows-type contacts have bifurcated mating sur-
faces which provide two points of electrical contact per
circuit even on irregular surfaces. The bifurcated design
also helps to keep the contact on the hoard during any
vibration that might occur.

Also. for applications requiring more than 500 insertion
and withdrawal cycles. a recently developed connector with
precious metal contacts (usually a gold/silver alloy). is
applied to a spring member at the point of contact. Thick-
ness and shape of the tip can be varied to suit the applica-
tion. The entire contact itself. except for the tip. can be
solder- or tin-plated. eliminating costly over-all gold plate.
These contacts have been tested to more than 1000 in-
sertions with no increase in resistivity., The gold is literally
where the action is, at the point of contact.

Although for most applications the printed-circuit board
is inserted directly into the connector receptacle. a plug
connector or male contact pins can be fastened, most often
by dip soldering. to the board. This is done when the cost
of a board with components is particularly expensive or
perhaps non-repairable. as in the case of welded or encap-
sulated components.

Connector Materials

Specifiers of PC connectors should have a general knowl-
edge of materials available and how they affect not only
connector performance but also connector cost.

A number of different dielectric materials are used.
Phenolic. the most common and least expensive, is intended
for applications requiring good electrical qualities with
mechanical qualities better than the acceptable minimum.
It will withstand a maximum operating temperature of
300° F. See Table 1.

Mica-filled phenolic. a low-loss and low-water-absorbing
material, is used for applications requiring superior di-
clectric properties. It has a thousand times the insulation
resistance of general-purpose phenolic, but costs only 30
pereent more.

Cellulose-filled melamine has excellent electrical and me-
chanical properties and should be considered wheu resist-
ance to surface creepage is needed. Costs are approximately
the same as mica-filled pheuolic. Ceramic steatite with-
stands high temperatures—1400° F 5 325° F for mela-

This board with its large number of PC connectors has
been designed for Navy's multiple-warhead Poseiden.

mine-—is non-hygroscopic and has a low loss factor, but it
costs about three times as much as phenolic.

Mineral-filled diallyl phthalate is used where dimensional
stability of the connector and close tolerances are im-
portant. Insulation resistance is excellent—4 x 107 meg-
ohms—and it withstands extremes of humidity and tem-
perature. but it is almost four times more costly than
phenolic.  Glass-filled diallyl phthalate has generally the
same electric properties as its mineral-filled counterpart.
but has higher flexural strength. For this reason, it is
specified by the military for rugged environments. The cost
is approximately six times that of phenolic,

The thermoplastic resins. which include polysulfone. ny-
lon, polycarbonate. and ABS, are often used where resilien-
cy is required. Additionally, glass reinforcement can be
applied for increased strength and heat resistance. Thermo-
plastic resins exhibit considerably more flexural strength
than the thermosets. From a procurement standpoint, re-
duced costs can often be realized through shorter cycling
times that are inlerent in the thermoplastic molding
process,

Contact Materials & Plating

Three basic contact materials are used in PC conncectors:
brass, phosphor bronze. and beryllium copper. The right
choice for a given connector application is a compromise
between electrical and mechanical propertics. Brass, al-
though it has the best conductivity and is relatively low i
cost, will not stand up under excessive insertion and with-

Table 1. Characteristics of popular dielectrics that are used for printed-circuit connectors.

Molding General- Mica- Mineral- Glass- Glass-
Compound Purpose Fllled_ Melamine Ceramic Filled Filled Nylon Filled
Phenol Phenol Diallyl Diallyl Nylon
—_ !

MIL-Spec MIL-M-14F MIL-M-14F MIL-M-14F JAN-1-10 MIL-M-14 MIL-M-14 ——— —_——
Type CFG MFE CMG Grade L4 MDG SDGF

Max. Oper. !

Temperature 300°F 300°F 325°F 1400°F 300°F 300°F 225°F 300°F
(Continuous)

Insulation

Resistance 10® 108 7.4 X 10° 4 X 107 3 X 10%° 103 1.5 X 10's
(M/cm?3) |

Water

Absorption 1.319% 0.619% 1.00% 0.009% 0.4% 0.3% 2.00% | 1.00%,
(ASTM 24 hrs)

Tensile

(Strg)ngth 6100 5400 6500 5500 10,000 11,000 20,000
psi

Dielectric

Strength 346 475 252 360 400 420 400
(Volts/mil)
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Popular “‘card-guide’’ printed-circuit board connector.

drawal cycles. Spring qualities of brass. good at the outset.
become less effective as the material age-hardens or crys-
tallizes under stress.

Pliosphor bronze. twice the cost of brass. has good spring
qualities over connector life, but conductivity is relatively
low,

Heat-treated beryllium copper contacts of the proper de-
sign will withstand more insertion and withdrawal cvcles
than most other non-ferrous spring materials. Conductivity
is almost as good as brass but contact cost is about five
times that of brass due to both material and tool mainte-
nance.

In addition to these three basic materials, a number of
other alloys can be used to fit the specific requirements of
an application.

So many variables, not only the different types of plating
materials and combinations, but also plating thickness and
contact shape, make meaningful cost comparisons more
involved.

Gold. probably the most common plating used, is applied
in many thicknesses: commercial applications require 20
to 30 millionths of an inch: military specifications call for
50 millionths; and some special applications call for 100
millionths or more. Gold over copper or nickel is generally
used in dry-circuit applications requiring low contact re-
sistance and good corrosion resistance. Silver over copper
or nickel is used in higher power applications, but corro-
sion resistance is not as high as gold. Naturally. heavier
plating and the number of plating operations increase con-
nector cost.

Contact Spacing vs Cost

The two main material costs in a PC counector are, of
course, contacts and dielectric.  Inereasing the contact
density in a given size and dielectric block results in some
saving in dielectric cost but it is relatively minor. The
limiting factors in increasing density are dimensional sta-
bility of the dielectric material. contact true position re-

Collection of AMP connectors, showing variety available.

quirements, unusual connector shapes. and termination
methods used.

Cost of a given size connector will rise as contact density
increases, hut on a per-contact basis cost actually de-
creases. For example. assume a certain size connector
dielectric block costs 25 cents. This block with 15 contacts
at 5 cents apiece would cost $1.00: the same block with 80
contacts would cost $1.75. Cost of the connector on a pre-
contact basis with 15 contacts is about 6.7 cents, with 30
contacts it is about 5.8 cents. (The saving in dielectric
cost in the 30-contact connector is small enough to be con-
sidered negligible.)

Crosstalk in a PC connector is usually insignificant.
Tests have shown that connectors. because of their fixed
contact spacing. present fewer crosstalk problems than
wiring and cabling.

Important MIL-Specs

A military specification covering many printed-circuit
connectors is MIL-C-21097B which outlines electrical and
environmental tests as well as connector dimensions to in-
sure interchangeability. For example, PC connectors meet-
ing the spec must withstand thermal shock, vibration. and
50 G’s physical shock tests in accordance with MIL-STD-
202. An insulation resistance of 5000 megohms at a high-
potential test (1o breakdown at sea level with 1800 V a. c.
and at 70.000-ft altitude with 450 V a. c. applied) are also
specified.

Although the electrical and environmental requirements
of MIL-C-21097B necessarily limit the contact and dielec-
tric materials that can be used. certain materials are speci-
fied by type. For example, dielectrics are specified under
MIL-M-14F and MIL-M-19833: plating requirements un-
der MIL-C-15204.

Contact resistance specified is for a voltage drop of 3
millivolts at a current of 5 amperes. What is most impor-
tant. however. is that contact resistance. whatever the par-
ticular value, remain reasonably constant over the specific
connector’s rated number of insertion and withdrawal
evcles.

Some PC connectors are available for commercial appli-
ations that meet the performance and environmental re-
quirements of military specifications although they do not
necessarily have the exact dielectric or plating thickness
specified. These connectors, since they are not restricted
to the spec. can provide greater flexibility for design.

Choosing the Right Terminating Method

Military specifications cover standard solder and erimp
pin terminations. Commercial PC connectors can also em-
ploy taper-pin type (similar to standard crimp type except
that a scparate pin is required), percussive welded termi-
nations. and mechanical terminations. The terminating
method chosen does not greatly affect the initial cost of
the connector, however termination cost variations can be
significant.

Connectors with solder terminations are designed for
direct wiring or for installation on printed-circuit boards,
panels, or chassis for dip-solder applications. Taper-pin
terminations provide flexibility of assembly procedure and
easy modification and repair. Crhmp terminations, avail-
able with the flexibility of removable contacts. are very
economical in applications where programming changes for
PC comnectors are anticipated. In general. mechanical
termination methods—such as solderless wrap and auto-
matic crimp—ofter the user significant assembly time sav-
ings where large quantities of connectors are involved. For
short-run PC board production or applications with a very
small number of connectors, soldered terminations are
usually the most economical,

Individual insert blocks with from one to well over 500
contacts are available with contact centers ranging from
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0.025 to 0250 in. PC connectors are usually referred to
as miniature, subminiature, microminiature. and ultra-
miniature but at present there are few standards that cover
these types.

In addition to the standard lines of PC connectors on
the market. a number of special types have been developed
that are available as stock items. For example. card-guide
units provide alignment in blind-spot installations and pre-
vent PC board “rocking.” Connectors with coaxial con-
tacts, with alternating contact tails that provide more
space for terminating, and double-sided connectors are only
a few of the special-purpose nnits available to the designer.

Two oulstanding examples of special-purpose connectors
are direct-entry and indirect-entry plate assemblies. Both
types utilize an aluminum plate punched to accept thermo-
plastic modules containing one or more contacts. Direct-
entry  plate assemblies utilize three- and four-position
modules in addition to two-position “L”-shaped card
guides: enabling the connector manufacturer to use stan-
dard components to produce special configurations. The
plate assembly makes framing unnecessary, providing both
rigidity and true positioning of contact tails for automatic
lermination.

Indirect-entry plate asseniblies are made up of individual
single-contact insulalors pressed into the plates. creating
complete versatility in terms of wrap-tail number. limited
only by a designer’s imagination. This provides maximum
use of contact density. reduction in size of the end product.
and economical contact termination. Several manufacturers
have heen soldering ground and voltage planes on the con-
tact tails and wrapping the balance of the tails. Provisions
for grounding contacts are made in both versions.

Other special-purpose conncctors include PC  headers.
crimp headers, and male wrap-tail headers allowing for use
of any of a wide range of economieal termination equip-
ment currently available. Selection of such a special also
precludes additional expense of a mold charge. Additional-
Iv. these techniques permit repair or replacement of the
male and female solderless wrap contact subassembly by

This one-piece, economy-type 40-terminal, card-edge con-
nector is employed in a new automatic writing machine.

simple removal and insertion of an individnal eontact sub-
assembly with hand tools.

It a designer keeps the connector in mind at the time he
first begins laying out the printed-circuit board. he will
most likely to be able to adapt his PC board leads to con-
form to the contact spacing and over-all width of a stan-
dard PC connector. If the connector is not considered until
the board is completely designed. there may be no choice
but to specify a speeial connector that pot only will re-
quire longer delivery time but also involve expensive tool-
ing costs.

Designers should provide the PC connector manufacturer
with as much information as possible about the unit re-
quired: not only the obvious factors of size, number of
contacts. current/voltage capacity. but also environmental
aspects of the application. contact finishes. dielectric mate-
rials. and terminating method preferred.

In addition. knowledge of the mounting requirements
into the specific end produet may enable the connector
manufacturer to provide services the user may nol have
been aware of. Several connector manufacturers are tooled
to provide plate assemblies with connectors mounted and
to completely wrap, crimp, or solder-terminate the assem-

bly. A

DRY PROCESS FOR

PROTOTYPE PC boards, in sizes up to 8'/2 x 11 inches, are

manufactured in less than 8 minutes using dry-process
equipment available from Xerox. Recommended for prototype
quantities, up to 200 boards may be made from a single draw-
ing. The basic system, including a camera, processor, and
vapor fuser, may be purchased for some $6000. A rental plan
recommended by Xerox enables the user to rent the equip-
ment for $45 per month plus 10 cents for each manufactured
board. In addition, approximately $200 has to be invested in
accessories and $50 in expendable items. After 90 days the
system may be purchased for $1250. No special room tem-
perature or light conditions are required for the installation
of equipment. It is claimed that the simplicity of the equip-
ment permits untrained personnel to master the process in
one hour.

A flow chart illustrating the sequence of steps in manufac-
turing a PC board is shown below. Initially. the operator
slides a selenium-coated plate into the processor where it
is made light-sensitive with a positive charge of electricity.
The plate is reusable. enjoying fong life if handled carefully.
Protected by a light shield, it is then placed in the camera.
The shield is withdrawn and the plate exposed to the artwork.
Your original layout may be used for obtaining the image of
the printed-circuit pattern.

After exposure, the plate is returned to the processor and
developed. Negatively charged black powder is cascaded
over the plate, the powder adhering to the areas unexposed
to light. The resulting image is transferred electrostatically

MAKING PC BOARDS

nate is then placed on a special transfer plate in the proces-
sor where the image on the intermediate tissue is transferred
electrostatically to the copper surface. Following the transfer,
the tissue is peeled away.

In the final step before conventional etching, the black-
powder image is fused to the copper surface of the lami-
nate. This is accomplished in the vapor fuser which is an
air-tight compartment containing a rack for inserting the lami-
nate. Vapor emanating from a solution (Flo-Set) supplied by
Xerox forms a permanent toned image of the layout on the
copper.

The preceding steps, from beginning to end, should take
under 8 minutes for an experienced operator. It is possible to
repeat the process and form another layout on the other side
of the board, producing a two-sided PC board. Transferring
the image on the first side does not, in any manner, affect the
second side. A possible difficulty is registration. With proper
care, satisfactory two-sided boards are realizable.

The system is flexible. For example, the circuit and com-
ponent sides of a board may be shown in one simplified view
on an assembly drawing. The artwork is photographed with
a white-dot pattern Craftint screen overlay (25 to an inch).
The result is a full-sized screened copy of the artwork copied
on the reverse side of a drawing form. Viewed from the front,
the layout appears to be reverse reading. The draftsman can
visually locate the placement of components from the termi-
nal pads located on the reverse side of the drawing. Prints
made from the drawing show details of each mounted com-

to an intermediate tissue which has been positioned on the ponent superimposed on the screened “ghast” circuit
plate and inserted into the processor. The copper-clad lami- image. A
PLATE MADE PLATE DEVELOPED TRANSFER OF IMAGE TRANSFERRED IMAGE FUSED
BEGIN #—————— LIGHT SENSITIVE EXPOSED Hp»— (PROCESSOR) IMAGE TO TISSUE > TO COPPER $—— TO COPPER p————p= END
{PROCESSOR) (CAMERA) | {PROCESSOR) {PROCESSOR) (VAPOR FUSER}

October, 1969
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The author has been associated with various satellite pro-
grams utilizing the Agena vehicle
Missiles and Space Company in 1963. Areas of responsibility
have included guidance and control,
command, and electrical power systems. He was previously
employed by Montronics Inc, now a subsidiary of John
Fluke Mfg. Co., while attending Montana State University
(BSEE). He has written for various

since joining Lockheed

communications and

electronics magazines.

rinfed-Circuit Kits for Short Runs

By DONALD L. STEINBACH/ Senior Research Engineer
Lockheed Missiles & Space Co.

Here is a rundown on some of the PC kits that are readily
available for wse by small laboratories or in the workshop.

ROFESSIONAL-quality etched-circuit boards may be pro-

duced in the small laboratory or in the workshop. The

process is neither difficult nor particularly hazardous.
and special equipment is not required. The purchase of one
or more of the several inexpensive printed-cireuit kits that
are available affords an excellent means of becoming ac-
quainted with the various inaterials and techniques. The
kits contain all of the constituents (including instructions)
necessary to produce a limited quantity of quality boards.
The kit materials may be replenished. and the per-board
cost will be reduced significantly if larger quantities of the
individual items are purchased.

Selecting & Using a Kit

Selecting the most appropriate kit for an intended applica-
tion requires some initial familiarity with the commonly
used materials and processes. Board materials. resists, and
etchants may then be chosen to best suit the technieal re-
quirements or interests of the user.

Copper-clad PC board material is readily available in
cither NEMA grade XXXP phenolic paper or grade G-10
general-purpose epoxy-glass laminates, Y14” thick, covered
uniformly on one or both sides with copper foil, 1 or 2 ounces
per square foot of board material. and with or without a
photosensitive resist coating. Grade XXXP is less expensive
than G-10, is easier to machine. and is entirely adequate for
most applications. Grade G-10 should be used, however. for
high-frequency r.f. applications. The foil thickness required
is a function of available conductor width and required
current-carrying capacity. A 0.100” wide conductor of 1-
ounce (0.00135”) foil will safely carry 3 amperes. and the
same width of 2-ounce foil (0.00270” thick) will carry 5
amperes. Both figures are for a 20°C maximum tempera-
ture rise.

The resist is applied mechanically to an unsensitized board,
or created photographically on a sensitized board. Mechan-
ical resists are available in tape (stick-on), dry transfer
(rub-on), or liquid form: the most suitable mechanical re-
sists have an asphalt or vinyl base. The more expensive
photographic process requires the preparation of a mechan-
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ical or photographic negative of the PC board layout. It is
ideal when several identical boards are required. when the
artwork is to be prepared on a larger format than that of
the finished board. or when the ultimate in finished appear-
ance is required. Both the dry-transfer resists and the photo-
resists have a limited storage life (approximately one year).

Ferric chloride or ammonium persulfate are the two most
commonly used etchants. A typical ferrie-chloride etchant is
349 (by weight) Fe('l; in water. although the concentration
may range from approximately 28% to 42%. The mixed
solution will contain a small amount of hydrochloric acid;
proprietary etchants may be modified to contain up to 59
II1(1. Ferric-chloride etchant has an indefinite shelf life, may
be reused. and has a useful capacity of around 12 to 15
ounces of copper per gallon of solution. The etching time
decreases with increasing temperature: the solution may be
used from room temperature up to about 160°F. Ferric
chloride attacks solder. steel. cast iron. and many other
metals.

Typical ammonium-persulfate etchants contain about two
pounds of ammonium persulfate per gallon of water. A mer-
curie-chloride (1 ml of 27 g/1 solution per gallon) or sul-
phurie acid (60 ml of 969 II,SO per gallon) catalyst is
usually added. The mercurice chloride is poisonous. but the
etchant should not be stored in a tightly stoppered bottle
because of gas release. The ammonium-persulfate etchant
has a useful capacity of about 7 ounces of copper per gallon
of etchant and should be used warm (115°F typical) .

When the concentration of copper reaches 5 ounces per
gallon. the eteh temperature should be kept above 130°F. Tt
is unstable above 150°F and should be used within a few
days after mixing. Spontaneous decomposition may occur if
it comes in contact with ferric chloride. Its chief advantage
lies in its compatibility with most of the plated-metal resists.

All traces of the etchant must be removed from the fin-
ished board. Ferric chloride. especially. has a tendency to
contaminate the laminate substrate with insoluble forms of
ferric oxide. The etchant can normally be removed from the
board by thorough rinsing and scrubbing immediately after
etching. Tape resists are simply peeled off; liquid resists, dry-
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transfer resists, and photoresists can be removed by serub-
bing the board with an abrasive household cleanser or wash-
g with a suitable solvent.

Typical Available Kits

Printed-circuit kits are available from several sources and
range in price from $3.19 to $42.95. Seven kits, representing
five major vendors and priced under $10.00, were examined
and tried by the author. They represent a comprehensive
selection of boar] materials, foil configurations, resists and
ctchants. In addition to the seven PC board kits, two special
Lits designed for the production of photographic artwork
and contact negatives are incInded in the brief summary that
follows,

Editor’s Note: There are many otler PC Lits available
for use for short runs or in the workshop. Howerer e are
including the following as representative exaneples of those
kits that are most readily available from the larger elec-
tronics parts dealers.

Amidon Associates (12033 Otsego Street. North Holly-
wood. Calif. 91607) .

E-7Z Etch Printed-Cirenit Kit No. 246-D (55.9.5) contains
dry-transfer resist. 18 square inches (2 pieces) of 1/16”
epoxy fiber glass board elad on one side with 2-ounce cop-
per foil, and dry ammonium-persulfate etchant crystals.

A single-board kit is available at a corresponding reduc-
tion in price. The small pads and narrow conductor strips
included i this kit will be of particular interest to IC
users,

The complete line of Amidon products may be obtained
from Amidon or from Warld Radio Laboratories. Many of
the local Lafayette Radio Electronies stores stock the
printed-cireuit kits,

Injectorall Electronics Corp. (4 North Rd., Great Neck,
N.Y. 11024).

Printed-Circwit Kit No. 500 (85.95) consists of 2 37 x 116”7
1”7 XXXP phenolic boards clad on one side, a resist-ink pen,
resist-ink solvent. a 6-0z bottle of ferric-chloride etchant, a
Y il bit, and a 3”7 x 77 x 27 plastic case in which the
boards are etched and the kit is packaged. Kit is available
from Lafayette Rudio Electronics and other parts dealers.
Kepro Circuit Systems, Inc. (3630 Scarlet Oak Blvd.. St.
Louis, Missouri 63122) .

Standard Kit No. S-1014 (83.95) contains both liquid
and tape resists, 3t square inches (3 pieces) of plain and
perforated 1716”7 XXXP phenolic hoard clad on one side
with 1-ounce copper foil. and liquid ferric-chloride etchant.

Professional Kit No. P-1014 (%5.85) utilizes the photo-
graphic process. Tt contains 13 square inches (8 pieces) of
1716”7 XXX phenolic board clad on one side with I-ounce
presensitized copper foil. mechanical negative material. pho-
toresist developer. and liguid ferric-chloride etchant.

Both kits are available with G-10 glass epoxy boards
imstead of phenolic boards at a corresponding increase
in price.

Photo Layout Kit No. PL-2A ($3.95) is designed for
making photographic artwork lavouts for contact or photo-
graphically reduced negatives. It contains mechanical nega-
tive malerial. clear acetate filnr. and pressure-sensitive
tapes. pads, and letters.

Photo-Reversing Kit No. FK-701 ($7.20) is a unique kit
for producing high-contrast line negatives from inked or
taped artwork. The artwork is contact-exposed on the film
provided (480 square inches total) and developed with the
developer supplied.

Kepro produets may be obtained from .Allied Electronics,
Newark Electronics Corporation, and Burstein-A pplebee.
Techniques, Ine. (235 Jackson Street. Englewood, New
Jersey 07631).

Experimenters Printed Circuit Kit No. 5002 (54.75) con-
tains tape resist. 72 square inches (6 pieces) of 1/16”
XXXP plenolic board clad on one and both sides with
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Typical example of printed-circuit kit showing all the
componenis. The kit shown, the Techniques No. 5003,
at around $10, has ampie supplies for several projects.

1-ounce copper foil. and the liquid ferric-chloride etchant.

Techwcians Printed Circuit Kit No. 5003 (80.75) is an
enlarged version of the 5002 kit, containing both tape and
liquid resists, 128 square inches (10 pieces) of hoard ma-
terial. and proportionately larger amounts of the other
supplies.

Technigues products may be obtained from Lafayette
Radio LEleetronics. Do not order small quantities of ma-
terial directly from Techniques in Englewood.

Vector Electronic Company, Inc. (12460 Gladstone
Ave.. Sylmar, Calif. 91342) .

Etched Circuit Kit No. 27X A ($6.50) contains dry-trans-
fer resist, approximately 80 square inches (4 picces) of
plain and prepunched NNXXP phenolic board clad on one
side with 2-ounce copper foil. and dry ammonium-persul-
fate ctchant erystals.

Veetor products may be obtained from Allied Electronics.
Newarlk Eiectronies Corporation, or Lafayette Radio Elec-
tronics.

The prospective PC board user would do well to obtain
catalogues from the listed vendors and examine the other
products they have to offer. A

The dry-transfer resists are applied easily and rapidly.
The cnes shown being used here are from Amidon Assoc.
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The author is a graduate of Columbia University (Chemical
Engineering). He holds several patents in metal processing
and chemical engineering. He has been a consultant to indus-
try and federal government in process engineering problems.

Flexible Printed Wiring

By GAETANO T. VIGLIONE / Manager, Product R&D

Flexiprint Division, Sanders Associates, Inc.

This wiring can be preformed, folded and rolled, twisted
and turned to fit any conceivable irregular configuration.
It is particularly useful in very dense electronic packages.

g

[\ LEXIBLE printed circuitry consists of flat etched

copper conductors bonded between layers of pliable
A insulation. While tlhis sounds simple enough, flexible
printed circuitry has had placed upon it many demands,
some of which are due to the numerous design features
wliich appear to be attainable. The use of flexible circuitry
ax an interconnection medium has begun to inspire the
design engineer because of its many advantages.

For example, the significant difference of less weight per
unit of arca coupled with the reduction of volume over con-
ventional cabling techniques. results in reductions in mass
of 2:1 and, in some cases, 8:1. The feature of flexibility al-
lows circuits to be preformed, folded and rolled, or twisted
and turned to fit any conceivable irregular configuration in
the more dense electronic packages, especially those typical
of aerospace applications. Further, flexible printed circuitry
1s readily shielded and inherently more reliable due to its
design and the adaptation and use of materials having
exceptional physical properties.

The real dollar savings come at the time of assembly of
the clectronic package because of a reduction in man-hours
required for assembly. Another benefit is the reduced possi-
bility of error when connecting by flexible printed cireuitry
as compared to the grealer possibility of crror when using
point-to-point wiring.

Listing of Advantages

The benefits resulting from the use of flexible printed
wiring and cabling include the foliowing:

1. Each circuit is a finished unit, ready for component
assembly.

2. Handling of individual wires is eliminated because
there is no need to measure, cut, strip, tin, route, solder, and
lace.

3. Cireuits are custom-designed for each job; therefore,
wiring errors are eliminated.
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4. Each circuit of a particular design 1s mechanically and
electrically identical and completely repeatable.

5. Solder pads are in one place, rendering them ideal for
automatic processing.

6. Wiring requirements no longer limit package geometry.
Circuits can be run flat, bent around sharp corners, folded,
and twisted.

7. Conductor breakage is nil. High-reliability hinge. spring
return, and extensible interconnections can be readily de-
signed.

8. Flexible printed circuitry can be bonded to rigid circuit
boards to create a complete, one-piece interconnection as-
sembly, eliminating unnecessary solder joints.

9. Single and multilayer cirenits are closely spaced and
lheld to close tolerances: thercfore, high wiring and internal
package densities are possible.

10. Flexible printed circuitry lias a high volumetric effi-
ciency. Close-tolerance conductor location is possible because
each circuit 1s a precision etched unit.

11. Material normally needed in the form of a relief loop
for the bend radius using standard wire cable can be elimi-
nated, resulting in shorter wiring runs.

12. Thin, flat, two-dimensional geometry permits cable
routing through narrow slots and along smooth surfaces,
climimating the excessive bulk of round wire.

13. Depending on the specific application, flexible printed
circuitry ean save approximately 75% of volume and weight
over conventional round-wire cable.

14. Foreign material, such as moisture, flux, and gases
which could “wick” inside the insulation of wire, cannot de-
grade flexible printed-circuit performance because all con-
ductors are completely encapsulated.

15. Tension loads are carried by the entire cable, not by
individual wires; therefore, each circuit part is a solid me-
chanical structure.

16. High reliability in demanding environments is inher-
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ACLAR FEP KAPTOM
CHARACTERISTICS UNITS VINYL MYLAR (FLUOROCARBON) TEFLON (H-FILM)
Max. Continuous Temp. °C 65 149 149 204 204
Absolute Max. Temp. °C 93 149 200 274 400
Low Temp. Embrittlement °C 2 -50 -85 -85 -250
Thermal Expansion mils/°C/in 0.07-0.25 0.027 0.045.0.07 0.083.0.105 .020
Thermal Conductivity 10 4 cal/sec-cm®-°C 34 3.63 6 6 3.72
Burning Rate ASTM-D635 Slow Slow None None None
Tensile Strength psi 3300 4000 5700 2700-3100 6500-10,000
Elongation % 200-450 100 100-200 250-330 70
Spec fic Volume in3/Ib 228 304 13.2 12.8-13 15
Modulus of Elasticity 10° psi 5 2-3 0.5 4
Water Absorption 9% (24 hr immersion) 0.4-06 0.01 0.00 0.01 3.0
Weathering Resistance MIL-STD-2026 Fair Fair Excellent Excellent Excellent
Fungus Resistance® MIL-E-5272 Nutrient Non-Nutrient Non-Nutrient Non-Nutrient Non-Nutrient
Chemical Resistance Good Excellent Excelient Excellent Excellent
Abrasion Resistance Taber Abraser Good Excellent Excellent Excetlent Excellent
Fiexibility Excellent Good Good Excellent Fair
Dielectric Constant ASTM-D150
60 Hz 6-8 3.15 2.6-2.8 2.1 35
1 kHz 5-6 3.1 2.5-2.6 2.1 34
1 MHz 35-45 3.0 2.4-25 2.1 33
Relative Dielectric
Constant Ratio ASTM-D150 2.3 1.2 1.0 0.8 1.4
Dissipation Fact. ASTM-D150
60 Hz 0.10 0.002 0.015 0.0003 0.0014
1 kHz 0.10 0.005 0.025 0.0003 0.0016
1 MHz 0.08 0.016 0.010 0.0003 0.0071
Dielectric Strength V/mit in 5-mil thickness®* | 1700 3300 1300 5000 3000
Volume Resistance ohm-cm 10''-10"* 10'° 10'® 107 10'7
Minimum Available Thickness in 0.006 0.0025 0.002 0.002 0.0005
Standard Thickness in 0.012 0.0025 0.005 0.005 0.005
*Per MIL-E-5272 Procedure 1. **Conservative design rating is 1000 volts at 5-mil thickness for all insulations.

Table 1. Characteristics of the most commonly used insulation material for flexible printed wiring.

ent because the entire circuit flexes as a unit under stress of
vibration and shock.

17. Distributed capacitance and cross coupling do not
vary from unit to unit of a single design. resulting in con-
stant electrieal characteristics.

18. Circuits are casier to solder and inspeet than a tangle
of conventional wires; therefore, quality-control operations
are more accurate.

Design Criteria & Costs

When considering the use of flexible circuitry for inter-
connecting either printed-eircuit boards or black boxes. cer-
tain basic design eriteria should be remembered. General
guidelines to keep the number of layers in flexible circuitry
to a minimum are: set-up pin address to reduce or eliminate
crossovers; use the freedom of pin address as a method of
reducing layers: consider the use of narrower eonductors
and spacing: and use fold-outs to increase density at the
terminal area.

There are many factors that affect the cost of a flexible
cirenit. Major cost advantages result if standard flexible-
circuit materials and sizes are used and if non-critical tol-
crances are loose enough to allow economical, automated
production. The following items will also serve to keep
costs to a minimum:

October, 1969

Fig. 1. Conductor widths and spacings for various thicknesses.
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This complex flexible printed circuit, which is shown here
along with an 18-in rule for size comparison, demonstrates
how a complicated interconnection problem has been handled.

1. Specify 0.0027” thick (2-ounce) copper conductors if
possible. These are the most economical becanse raw ma-
terials are purchased. haundled, and stoeked in large quan-
tities. Other sizes, such as 0001357 (1 ounce) and 0,00 07
(3 ounces) are available should the need arise.

2. Specify enlarged punched-out areas in the covercoat
at solder-pad areas rather than tight-fitting, pad-sized in-
dividually punched areas. This eases rvegistration in manu-
facturing and thereby reduces cost.

3. Try to keep punched-out hare copper areas on the
same side of the cirenit, If it is necessary to present bare
copper on the reverse side of a cireuit, try to eliminate the
extra cost mvolved in punching the base insulation by fold-
ing the cireuit.

t. Neep large punched-out areas in simple shapes to fow-
er the cost of intricate dies and/or to avoid excessive
hand-entting and punching,

5. Design lerminal pads somewhat oversized to allow for
shight drift,

6. Speeify insulation as shown in Table 1. These are usu-
ally stocked in quantity,

7. It is recommended that conductor widths be specified
larger than the minimum shown in Fig. 1.

8. It is recommended that conductor spacing be speeified
larger than the minimum shown in Fig. 1.

9. Hold over-all flexible-circuit leuglth and width to a
minimum,

10, Use the fewest number ol layers possible,

Terminating Methods
Another imporlant design consideration is the selection

of the termimation method. Recently. conunectors for flat

A multilayer flexible circuit with layer-to-layer inter-
connections along with connectors attached is illustrated.

60

cable thal accommodate cireuits of 30-mil cenlers have be-
come available. The type and size of terminating pins and
connectors and the method of attaching the cirenits to
them is important in keeping down the size and weight and
permitling greater accessibility. The method of terminating
using a pad with a hole or a “lap”™ soldering technique
utilizing pins from a connector are two of the most com-
monly used fabricating techniques.

For reasons of greater economy and increased reliability,
a new generation of terminations welded to flexible cir-
cuilry has evolved, Materials such as tinned copper. nickel,
and gold-plated Kovar are being satisfactorily welded to
flexible eircnits and potted as a substitute for specifically
designed connectors. All of these terminal lead materials are
casily solderable and. in some cases. they are al:o welded to
weldable printed-circuit boards. The advantages here are:
lower attrition due to the fact that leads do not become
unsoldered upon secondary soldering: faster processing, re-
ducing the possibility of process effects such as delamina-
tion due to less time at high temperatures as when a solder
Joint is made.

Materials Used

The materials used in the fabrication of flexible printed
cirenitry depend upon the application and environment in
which the equipment will be expected to operate. Normal-
lv. Kapton-F film. to which copper has been laminated. ix
used because of its desirable high-temperature properties.
(Kapton-F is the trademark of the duPont Company for
its plastic film consisting of a layer of Teflon FEP resin
bonded to one or both sides of a polyimide filni.)

Covercoat materials can be varied depending on the hu-
midity characteristics and high-temperature properties ex-
pected in the system operation. To some extent. the choice
of materials 1s dictated by the amount of flexing antici-
pated prior to and during assembly of the units. Generally.
the polyimide materials are most popular since the physiecal
mfluences, mentioned above, are most easily overcome.
However, copper. due to its inherent nature when subjected
to excessive flexing and vibration, can eventually result in
fatigue and electrical failure unless proper support of the
connector areas and the crueial bend radii are carefully obh-
served and practiced.

Testing Flexible Printed Circuitry

Wiile much information is available on the applications
aspects of flexible cireuits, very little data has been pre-
sented about the environmental characteristics of the fin-
1shed product, Sanders, as well as other manufacturers of
flexible printed wiring, has set up test programs to run en-
virommental cheeks on its products to make sure they meet
customer specifications, The following government and in-
dustry standards have been used for such tests: MTL-T-
34221, MIL-STD-35+ MIL-STD-202. MIL-P-55110\,
MIL-STD-810, MIL-E-3272, MIL-P-13919. IPC-CF-150
copper fal specification, ASTIM-D-635. and ASTM-D-150.

The parameters evaluated inclnde: operating tempera-
ture: moisture absorption; flexing and tensile strength; re-
sistance to chemicals, abrasion. and fungus: aging and
weathering effects: distributed capacitance and required
shielding: flammability: dielectric constant and strength:
conductor and insulation resistance: and current-carrying
capahility,

The results of the test data will he supplied to customers
and potential custoniers by the manufacturers of flexible
printed wiring, Such test data. while considered to be evi-
dence of the present and potential quality of flexible cir-
cuitry, is really only a start. Much testing of new materials
and advanced processes is continuing. insuring that ad-
vanced techmology is made available to the user of flexible
printed circnitry as new materials are developed and
placed on the market. A
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Servicing medical electronic equipment can be a rewarding
job for responsible, knowledgeable, well-equipped technicians.

MEDICAL ELECTRONICS SERVICING

T was a jewel of an October morning—sparkling with

dew, flooded with sunshine. and tinged with just a

trace of that too-good-to-last gentle melancholy that
alwavs is a part of true heauty. Barnev relictantly stepped
out of the glorious autumn morning into the service shop,
but his eves widened as he saw Mac, his emplover. seated
cross-legaed on the service bench reading a loose-leaf
brown manual.

“Hev,” the yvonth exclaimed. “I didnt know vour rheu-
matic old legs would fold up like that. How come vou're
sitting on the bench?”

“Because Matilda heat me down here this morming and
painted both the bench stools.” Mac growled. nodding to
where the bright green stools rested on top of the “inter-
mittent-cooker” bench. “Theyv didn’t really need it. | painted
them mvself only ten or twelve vears ago.”

“When vou encounter a determined woman with a paint-
brush, vou may as well give in gracefully.” Barney advised.
“Even I, a bachelor. know that much. What are vou read-
ing?”

“A service manual on a piece of medical diagnostic
ecquipment called an “UltraSonoscope.” Last week T had a
phone call from the manufacturer on the East Coast who
said one of these units was being sold to the local hospital.
A couple of doctors in the Taly here had suggested we be
cantacted to see if we would undertake service of the in-
strument in case of failure.

“You see it’s hardlv practical for @ manufacturer of
medical electronic equipment to maintain service stations
manned by factoryv-trained personnel i all parts of the
countrv, Not enough units are sold to warrant that. Neither
is it feasible to send a serviceman out trom the factory
every time trouble is veported with one of the units. espe-
cially when most of these difficulties are simplyv ‘cockpit
troubles” caused by improper adjustment or operation. A
more satisfactory arrangement. according to the man who
called me. is to locate a well-equipped service technician
in the area who is willing to undertake maintenance of the
unit.”

“Yeah. bul can a radio and TV service technician sue-
cessfully undertake a job like that?” Bamev questioned, “Tt
seems to me he should have both a medical and clectronic
background for that kind of work.”

“A medical background certainly wouldn’t hurt.” Mac
admitted. “hut in this case. at least. it’s not really essential
to mderstanding the operation of the instrument. Let me tell
vou what an UltraSonoscope does:

“Essentially it's a precision short-range sonar svstem using
sharply beaned pulses of ultrasonic sound to probe tissie by
observing on a CR tnbe echoes returned from interfaces in
the tissue. The transducer used to send the pulses into the
tissue also is used to pick up the returning echoes and feed
them into an amplifier for display on the scope tube.

“Since sound waves travel through tissue at a velocity of
about 130.000 ¢m/s, the horizontal sweep of the scope can
be calibrated in terms of the depth of tissue through which
the echo is returned. A precision murker generator and
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dividers in the instrument produce a calibrated hase-line
display marked ofl in centimeters and fractions of tissue
perietration. If the instrument is adjusted so that the ‘'muin
bang” pip indicating the surface of the hody is on a centi-
meter mark at the left of the screen, the indicated distance
to the right of this mark that an echo pip appears is a
measure of the depth of tissue through which the echo is
returning.

“This is with the instrnment operating in the ‘A-Scan’
mode in which the horizontal axis represents time translated
into lissue penetration and the vertical axis represents inten-
sitv “of the echo. I the ‘B-Scan’ mode, the display is
eflectively turned through 90 degrees so that the former
vertical pips come out towards the observer. In other words.
the heam is intensity modulated by the echo signals feeding
the receiver. Now if the location of the initial pulse on the
face of the tube can he directly correlated with the move-
ment of the transdncer over the body and if a photograph
of the resulting scamed display be made. the result is a
‘tomogram.” a kind of cross-sectional view of the tissne heneath
the scanning transducer.

“Inanother application. called ‘echocardiography.” the
trunsducer is applied over a heating heart and the dimmed
horizontal trace. intensity modulated by echoes returning
from moving tissues of the heart. is swept slowlh upwards
from the hottom af the CR tube while a camera photographs
the resulting scanmed display. Movement of tissue surfaces
toward and away {from the transducer—say the surfaces of
the leaves of the mitral valve—cause the echoes returned
from this tissue to move respectively left and right on the
base lne. When the base line is scanned upwards at a
uniform velocity. this Tateral shift in the echa signal traces
out a continuons sawtooth-like display. If an EKG trace is
simultancouslv displaved on the left side of the screen. the
position of the parts of the mitral valve—or any other moving
parts of the heart. for that matter—can he correlated with
anv particular portion of the heartheat evele.”

“Hold on,” Barnev interrupted. “Let’s see it I'm with vou
so far. doctor, Apparently this UltraSonoscope consists essen-
tially of a precision laboratory-type scope, a marker gener-
ator that’s probablyv cervstal-controlled. an ubtrasonic pulser,
and a specialized vertical amplifier for displaving the echoes.
That much would take care of the A-Scan display. The
slow-sweep vertical scan used in B-Scan echocardiography
would require a vertical sweep circuit. And to produce that
lomogram yvou were lalking about there would have to be
some device that would cause the movement of the trans-
ducer to produce spot-positioning voltages for the CR tube.
How am T doing?”

“Not bad. but of course things are not quite that simple.
For example, the UltraSonoscope has an adjustable Sensi-
tivity Depth Compensation circuit to compensate automati-
callv for the attenuation of pulse signal echoes as thev are
returned from deeper and deeper tissues. This is actually a
time-variable gain control keved to the horizontal sweep so
that the gain of the vertical amplifier increases as the trace
moves to the right, insuring that the strength of the echo
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TIGER ss-

You ean give your car more sporkling performance
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makes possible complete fuel combustion which
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stant cold weather starting and a mileage increase
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Now you con give your car or truck the liveliness
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fabrication and installation time . . . fully assembled
it can be operational in less than ten minutes.  All
needed wiring, connectors and fasteners are sup-
plied—you use your present coil and spark plug
wires.
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returned will be a function of the inter-
face itself and will not he greatly in-
fluenced by how far this interface lies
beneath the surface of the bodv. There
are other tricky circuits involved in hoth
the Dasic instrument and the many ac-
cessory modules available for it. Still
and all, the circuitry consists of so-
phisticated applications of fundamental
electronic concepts that should he un-
derstood by any good TV service tech-
nician.”

“You did, then, agree (o take on the
maintenance job?”

“Yes, after a little arm twisting. The
manufacturer agreed to furnish com-
plete service data on the instrument
plus consultation privileges. In other
words, it something goes wrong with
the instrument that cannot be easily and
quickly located from directions con-
tained in this service manual, 1 can pick
up the telephone and call the company
and talk with their engineer. His expe-
rience and familiarity with the instru-
ment plus my observation of symptoms
and carryving out of suggested tests will,
hopefully, get the thing going again in
jig time.”

“T'm still surprised vou let him talk
you into it. Surely the comparatively
small amount of loot involved in servic-
ing one instrument wasn’t a factor.”

“No, but there are other things to
consider. In the first place this is an
opportunity for us to expand our knowl-
edge of electronic applications. Second-
Iy, it may open the door to a great deal
more of this kind of specialized service
that could become quite lucrative. \We
both know medical electronics is just
starting to take off, and this could be
an opportunity for us to get in on the
ground floor. Finally, someone must
service medical electronic equipment if
it is to take the place it should in the
prevention and curing of disease. If we,
who can do it, won't, the widespread
application of such equipment will lag
tar behind its true potential; and people
will suffer and die needlessly as a re-
sult.”

“You sound as though vou're getting
ready to plunge into medical electronics
servicing with both feet.”

“Far from it! I'm just dipping a cau-
tious toe into the water. Candidly, this
kind of service work is not for every TV
technician, and anyone considering it
should do a lot of soul searching before
he tries it.

“This kind of servicing requires a
truly responsible person. When you are
working on equipment that may mean
life or death to an individual, there is
no room for guessing, carelessness, or
slipshod techniques. You must be will-
ing to devote extra time and effort to
the job. Not only must you be willing to
study the operation and service manuals
thoroughly in advance of any service
needed, but vou must be prepared to
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drop everything and take care of the
equipment when it does fail-even
though that means working extra long
hours.

“You must be constantly safety-
minded in working on this equipment.
This service manual has several para-
graphs on just that subject as applied
to the UltraSonoscope and its use. Everv
effort has been made to prevent leakage
and to insure good grounding of the
instrument and all its attachments, but
the maintenance technician must take
every care to see to it that these pre-
cautions continue in eflect.”

“"But in spite of all these drawbacks,
vou are still going to venture into this
kind of service.”

“Yes, for the reasons I mentioned and
because doing this kind of service may
sharpen our TV service techniques.
Working as we do on the same basic
kind of equipment day after day, there
is an increasing tendency for us to de-
pend more and more on well-learned
experience and habit and to divorce the
higher thought processes from what we
are doing. As lots of guys boast, "I can
service these things in my sleep.” Servic-
ing unfamiliar equipment will force us
to think hard about every symptom we
perceive and every test we make. If the
doctors are going to be uble to depend
on the TUltraSonoscope to  diagnose
faulty hearts, locate Dbrain tumors or
objects in the eve, determine the size
and shape of gall stones, or measure the
size of an unborn infant’s head, we are
going to have to be on our toes every
minute we are servicing the instrument,

“Hey,” Mac broke off, “why are von
staring at vour shop coat so hard? Some-
thing on it?”

“No, but I was just wondering if may-
be we shouldi’t trade these green jobs
in for some smart-looking white labora-
tory smocks more in keeping with our
new career,” Barney said with a grin.
“But come on, Grandpa; unkink vour
legs and crawl down off that bench
while vou still can. It makes me hurt
just to look at you!” A
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“Well, how about that! Mine does the same
thing as yours!"’
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BREADBOARD
CIRCUITS
from
PC BOARDS

By J. M. FIRTH
Pure Physics Div. I

National Research Council of Canada

HE technique of using printed-cir-
A cuit (PC) boards for breadboard
circuits has been employed for several
months and has proven very nseful in
construction of speciul laboratory in-
straments.

The heart of the idea is a special %”
diameter cutter used iu a low-speed %”
drill. A Yo" drill is used to cut a center
hole and acts as a mandrel for the radial
cutting edges which then eflectively
mills an “island” on the board (Fig. 1).

The components are then soldered
directly to the islands. By using a dou-
ble-sided bourd, excellent shielding can
be obtained at the expense of an island-
to-ground capacitance of 1.3 pF (“Q" ‘
factor >300 at 50 MIIz on glass-lami-
nate epoxv board). The top surface
ground plane makes it verv convenient
for mounting decoupling components
that may be required.

This technique can be further ex-
tended by adding sides and top to the
breadboard circuit, on which connec-
tors and controls can be mounted, Thus,

a working breadboard can be converted
to a useful and moderately rugged Lib-
oratory instrument.

Fig. 2 shows an r.f. amplifier with a
20-dB gain at 120 MHz using this tech- l
uique.

Fig. 1. The special 3" diameter cutter used I

to form “islands’’ on printed-circuit board.

Fig. 2. Breadboard design of r.f. amplifier ‘
built by author from printed-circuit board.
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all regular transistors plus
You won't be stopped when you run into the new FETs that are wired
into the latest hi-fi, newest TV receivers and nearly every other new device
coming on the market. For the very first time, you can check them all,
in or out of circuit. The TF151 works every time using tried and proven
signal injection techniques. New, improved tests on special RF transistors
and the latest high power transistors, mean that the TF151 is the only
up-to-date transistor tester on the market. A new, exclusive setup book
in rear compartment guides you to every test for over 12,000 transistors
and FETs. The book is not needed for general service troubleshooting.
Regular transistors are checked for beta gain and Icbo leakage. FETs
are checked for transconductance and Igss leakage. gpjy $~|2950

Your distributor just got this new tester in stock.
See him, it obsoletes all others.

L S ENCORE

% NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT

426 SOUTH WESTGATE DRIVE, ADDISON. ILLINOIS 60107
CIRCLE NO. 105 OM READER SERVICE CARD
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NEW!. . tom Lampkin Laboratories
TYPE 107 DIGITAL FREQUENCY METER

FAST - ACCURATE - PORTAELE

Designed to meet today’s
mobile-radio service needs —

% ONE PART PER MILLION ACCURACY!
v ALL-CHANNEL COVERAGE — TO 500 MHZ
% READ FREQUENCY DIRECT — NO CHARTS!

v EASIER — MORE FLEXIBLE — FASTER!
$2,390 F.0.B. Bradenton, Florida

For complete specifications — Mail coupon today
Name

City ...

LAMPKIN LABORATORIES, INC.
MFM Div., Bradenton, Fla. 33505
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HI-FI SHOW
SEMINARS PROGRAM

October 1-5, 1969 X
Ambassador Hotel
Los Angeles, California

W X hope that all of our readers and friends in the Los Angeles
arca are looking forward to the forthcoming 11i-Fi Show as
much as we are. Expectations are that a wmuch larger crowd than
ever before will attend. In addition to the latest equipment in the
field of home entertainment displayed by over 51 exhibitors, the
added attraction of live entertainment, contests, and prizes are
expected to create a festive dtmosphuc during the five-day run
of the show. Additional activities will include a series of semi-
technical seminars, of particular interest to us, since this is the 6th
consecutive year the Institute of High Fidelity has asked us to
originate and plan them. We're quite excited about this year's
program. Two old-timers, Abe Cohen and Jim Kogen, who have
participated every year, “will be with us again. Joe Lesly, Jim
Lantz, Russ Molloy, IEd Miller, and George Augspurger all did
such outstanding jobs in both New York and L.A. last year that
they will be back again this year too. And we have two newconi-
ers: Howard Souther, vice- pmﬁl(]ent engineering, Koss Electron-
ics is rather an old-timer in the industry whom we have known for
many years, going back to his davs with Electro-Voice; and Bob
Beavers, chief em.,metl acoustics, Altec-Lansing, who is a stran-
ger to us but we've heard so many good things about him that we
certainly look forward to meeting him in L.A.

We're sorry to report that the New York I1i-Fi Show will not
be held this year. This is rather unfortunate in that many readers
in the New York area looked upon the New York show as an annual
cvent. We, too, will miss it this year and do hope that 1970 will
sec a return of this important event.

THURSDAY, OCT. 2, 1969

8:15—9:15 p
“CHANGERS TURNTABLES & CARTRIDGES’’
Moderator: BILL STOCKLIN, Electronics World
Panelists: JIM KOGEN, Shure Brothers, Inc.
JOE LESLY, United Audio (Dual)

FRIDAY, OCT. 3, 1969
8:15-9:15 p-m.
““TAPE RECORDERS—REEL-TO-REEL
& CARTRIDGE MACHINES‘’

Moderator: BILL STOCKLIN, Electronics World
Panelists: JIM LANTZ, Ampex Corp.
RUSS MOLLOY, Telex Communications Div.

SATURDAY, OCT. 4, 1969
3:00—4:00 p.m.
‘““THE STEREO SENSATION‘/

Moderator: BILL STOCKLIN, Electronics World
Panelists: HOWARD SOUTHER, Koss Electronics
ABE COHEN, ISC/Telephonics

8:15—-9:15 p.m.
‘ROOM ACOUSTICS & THE LOUDSPEAKER’/

Moderator: BILL STOCKLIN, Electronics World
Panelists: ABE COHEN, I1SC/Telephonics
BOB BEAVERS, Altec-lansing

SUNDAY, OCT. 5, 1969

3:15—-4:15 p.m.
‘“SPEAKERS & AMPLIFIERS/
Moderator: BILL STOCKLIN, Electronics World
Panelists: ED MILLER, Sherwood Electronics
GEORGE AUGSPURGER, Jame: B. Launsing Sound

ELECTRONICS WORLD
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LATEST BEST SELLER
(for you)

i Grce 3 CHHES ||'-

K Series | Top of the Line| Replacement Guide '
s _

Here it is, strictly non-fiction—in fact, all fact—the
indispensable RCA solid-state replacement guide.

it works for you by charting the replacements of some
12,200 semiconductors —domestic and foreign.

The 39 SK “Top-of-the Line" transistors, integrated
circuits, and rectifiers are designed and manufac-
tured specifically for your kind of servicing problems.
All top quality, too—no cast-offs, no factory seconds,
no unbranded cuils. All with electrical characteris-
tics comparable or superior to originally designed-in
devices.

As for range —from small-signal operations to the
newest 100-watt audio outputs!

The comprehensive RCA SK Series—and the thou-
sands of types they can replace —are clearly cross-
referenced in the RCA SK Series Top-of-the-Line
Replacement Guide.

Pick up your copy from your local RCA Distributor
today.

RCA/Electronic Components/Harrison, N. J. 07029.
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Customer Relations
Specialist.
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465 CRT

Rejuvenator/Checker

A good part of successful servicing is
successful selling. That's why we
developed the 465 CRT Rejuvenator/
Checker. It's the “'Silent Partner” that
leaves a good impression. One that
guarantees repeat and referral business.

The B&K 465 shows the customer the
true condition of his picture tube and
forecasts its life expectancy. It is
capable of checking both color and
black & white, foreign or domestic picture
tubes. And through the use of
continuously variable voltages for all
CRT elements, you never have to worry
about obsolescence. And the best thing
of all is that it does it all right in the
customer's home without removing the
tube from the set.

As a result, he gains confidence in your
abilities and judgment and becomes

B&K puts an end to test equipment.
We've developed Silent Partners.

more susceptible to the idea of
purchasing a new tube. But if your
customer temporarily can’t take on the
expense of a new picture tube, you can
rejuvenate the old one as part of your
service or for an additional fee which

you can offer to apply to a new tube at a
later date. Either way, you've satisfied
your customer and increased your profits.

So if you would like to know more about
how our customer refations specialist
can stimulate your business, contact your
B&K distributor or drop us a line direct.
We have a lot of new ideas we'd like

to share that can mean money for you.

CRT Rejuvenator/Checker
Model 465. Net: $94.95

B&K Division of Dynascan Corp.
1801 W. Belle Plaine
Chicago, lllinois 60613

B
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GET
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ELECTRONICS

V.T.1. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles. computers, ra-
dar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.1. approved. Graduates in all
branches of electronics with
major companies. Start Sep-
tember, February. Dorms. cam-
pus. High school graduate or

equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Vatparaiso, Indiana 46383

COOPERATE WITH
THE ZIP CODE
PROGRAM OF THE
POST OFFICE
DEPARTMENT.
USE ZIP CODE
IN ALL ADDRESSES
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SALES OF
PRE-RECORDED
TAPES SOAR

MPEX has estimated that in 1968 the
U.S. recorded music industry grew
about 20 percent, from roughly 81.15
billion to a value of $1.35 billion in
retail sales.

Of this $200-million growth, disc rec-
ords accounted for about $50 million or
25% while pre-recorded stereo tapes ac-
counted for about $150 million or 75%.
1968 was the first year in which the
growth in tape sales exceeded that of
records in dollars. Stereo tapes repre-
sented about 20% of 1968 recorded
music sales, up from 3-4% of the total in
1966.

The company is predicting that tape
sales may reach the $350-million level
this year and that over the next three
years may rise to as much as 35% to
40% of the total recorded music busi-
ness.

There are four major segments of the
stereo tape business (open reel, four-
track cartridge, eight-track cartridge,
cassette), and, to a degree, they are
competitive.

The four-track open-reel stereo tapes
were introduced in 1959. Sales were
sluggish at first but accelerated well into
1963-1966 as recorder sales rose and
a broader range of music was put on
tapes. In the past two years, sales in
popular-music open-reel tapes have lev-
eled off because of the availability of
tapes in other forms. However, the open-
reel tape remains the favorite for hi-f
reproduction and for classical record-
ings.

Four-track cartridge tapes were intro-
duced in the late 1950’s but didn’t make
much headway until the mid-"60’s. They
were used primarily in auto stereo sys-
tems and had no pretentions of being
“hi-fi.” Eight-track cartridge tapes are
still holding their own as the most popu-
lar and largest part of the tape market.
90% of the sales are for auto use with
the balance for home or portable play-
back.

The cassette stereo tape was devel-
oped by Philips of Eindhoven. Norelco
and Ampex started the cassette stereo
push in 1966-67 followed by dozens of
other firms in 1968. By the end of that
vear, sales of cassette tapes began to
develop a strong growth although still
trailing the 8-track. Ampex is predicting
that 1969 cassette tape sales will over-
take 4-track and open reel and begin a
real run at 8-track. The company also
believes that within a time period of
about three years cassettes will take
over the lead. A

ELECTRONICS WORLD
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It took more than skill
lo design the worlds

smallest complete mobile

o-Walt 6B

lransceiver

Johnson Messenger 125  °99%

Only the famous Johnson “talk-power” is big as ever on Johnson's
radically new Messenger 125! Virtually every vehicle on the road,
including the 1969 and 1970 models, can easily accommodate this
vercatile new radio. Its far-ahead features make operation extremely
simple and znjoyable. Best of all, we sliced the most out of the
price!

Features

m 5 push button channels—no knobs ® slide-lever vol. and squelch
® World’s smallest panel configuration—1%,” by 4'%,”, just 7” deep
m 4 watts ouiput at 13.8 VDC = Accessories for portable use

S | B F JOHNSON CO.

WASECA MINNESOTA 560913

®
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‘Getmore - g

or e

getoutof |
electronics

..that's my advice.”

NEW|

| Expanded
coverage of
solid state

electronics
including
integrated
circLits! @
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Ask any man who really knows the electronics industry.

Opportunities are few for men without advanced tech-
nical education. If you stay on that level, you'll never
make much money. And you'll be among the first to
go in a layoff.

But, if you supplement your experience with more
education in electronics, you can become a specialist.
You'll enjoy good income and excellent security. You
won't have to worry about automation or advances in
technology putting you out of a job.

How can you get the additional education you must
have to protect your future—and the future of those
who depend on you? Going back to school isn't easy
for a man with a job and family obligations.

CREI Home Study Programs offer you a practical way
to get more education without going back to school.
You study at home, at your own pace, on your own
schedule. And you study with the assurance that what
you learn can be applied on the job immediately to
make you worth more money to your employer.

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Mail postpaid
card for your copy. If card is detached, use coupon
below or write: CREI, Dept. 1110H, 3224 Sixteenth
Street, N.W., Washington, D.C. 20010.

Founded 1927

CRET

Accredited Momber of the Nationsl Home Study Councit

CREI, Home Study Division
McGraw-Hill Book Company
Dept. 1110H, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010
Please send me FREE book describing CREI Programs. | am
employed in electronics and have a high school education.

NAME e — AGE
ADDRESS

CITY__ STATE ZIP CODE
EMPLOYED BY____ —

TYPE OF PRESENT WORK_ g G.I. BiLL

| am interested in

O Electronic Engineering Technology O Computers

O Space Eiectronics O Nuclear Engineering Technology

O NEW!Digital Communications O NEW!Industrial Automation

I
I
I
J
|
I
|
|
|
|
|
|
|
i‘
I
I
|
|

APPROVED FOR TRAINING UNDER NEW G.l. BILL

Oc¢tober, 1969 73
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MR. SCA OPERATOR

NEED A RELIABLE SOURCE FOR
HIGH QUALITY, LOW COST 5CA
RECEIVERS, OR SCA DEMODULATOR
UNITS?

A new and proven sub-carrier demodula-
tion scheme using old established principles
is now practical due to recent component
developments and mass production. The
resultant reduction in cost is passed ou to
you.

S
MODEL SCA-6137 SINGLE FREQUENCY FM
RECEIVER. Size: 12” x 5%"” x 4%". Price: $69.95
( Quantity 1-9)

SCA-6137 FR Receiver Features:

e Range: 88 to 108 MHz ® Frequency Field
Adjustable e All Solid State Devices ® RF Stage
e 3 IF Stages ¢ Automatic Frequency Control
® Two 67 KHz Amplifier Stages ® 67 KHz Ratio
Detector ® Adjustable Muting ¢ Main/Sub-Car-
ner Switch ¢ One Watt Audio Output ® 4* Mon-
itor Speaker ® Pravision for External Speaker o
117 Volt AC Operated.

Also available: SCA-3 sub-carrier demodulator
FEC Card with muting control. Size: 2%" x 3” x
5". Operates on 6 to 12 Volts DC at 6 ma. Av'nl-
‘\I)le from stock. Price: $39.95 (Quantity 1-3)
Quantity discounts and detailed specifications are
available to SCA operators.

Send orders and induiries to:

JanZac Company; P.O. Box 177;
Stamferd, Conn. 06904
KenZac Company; P.O. Box 662513

Houston, Texas 77006
CIRCLE NO. 125 ON READER SERVICE CARD
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SCS
Crystal-Controlled
Oscillator

By FRANK H. TOOKER

T is usual for the silicon controlled
switch to be thought of as controlled
at the cathode gate, or occasionally, at
the anode gate. But an SCS can be con-
trolled quite sensitively at the anode as
well. The circuit in the diagram below is
an excellent example of this. Here, the
alternating potential developed across
an oscillating quartz crystal (connected
between anode and cathode of Q1) con-
trols the anode-gate current at a repeti-
tion rate of 100 kHz, the resonant fre-
quency of the crystal.

The output waveform of this circuit
is approximately rectangular. The limit
of the negative-going excursion of the
wave is quite horizontal, but the limit of
the positive-going excursion needs to be
modified by cathode capacitor C1. This
is because the turn-on of the SCS is quite
sharply defined, but the turn-off is not
nearly as rapid or as clean. The condi-
tion is aggravated by the repetition rate
ofClOO kHz, which is quite high for the
SCS.

The value of 500 pF proved to be
about right for C1 in the prototype, but
in another assembly of tﬁe instrument
some modification of the value of this
capacitor might improve the squareness
of the output waveform. If C1 is made
too small, considerable rounding will oc-
cur in the leading edge of the wave’s
positive-going excursion, while too large
a value will produce overshoot. If the
value of C1 is much too high, it will
cause the crystal to lose control of the
frequency.

The setting of potentiometer R3 de-
termines the symmetry of the output
waveform, i.e., this control should be
adjusted to equalize the duration of the
wave’s positive- and negative-going ex-
cursions.

Output from the SCS is taken at the
anode-gate and fed directly to the base
of bipolar transistor Q2, which is con-
nected to operate as a common-collector
amplifier (emitter-follower). Output
from 2, taken at the emitter, is fed to
the output terminal vi¢ capacitor C2.
Current consumption of the circuit is
about 5mA at 18 Vd.c. A

-+ . = +18Y

R3
SOk 3
SYMMETRY 3

RI
100k
Q2
100-kHz 2N3392
XTAL
zza
c2
4 0022yF
. l
ire 7 TPUT
% I, ouTPU
- L)

== SEE TEXT
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1969—WINTER $1.25
ELECTRONIC EXPERIMENTER'S
HANDBOOK

148 pages of the most fascinating
and challenging construction proj-
ects for the electronics hobbyists.
All with complete schematics, il-
lustrations, parts list, and easy-
to-follow instructions that guaran-
tee you perfect finished products.

ELECTROMIC
UEEHL!EHTER,S

1969—SPRING $1.25
ELECTRONIC EXPERIMENTER'S
HANDBOOK

Another big package containing
hm -the most challenging, fun-to-build
electronics projects ever! Be sure
to order this one today!

$1.25

969

STEREO/HI-FI DIRECTORY
Giant 180 page buyer's guide list-
ing more than 1,600 individual
Stereo/Hi-Fi components by 176
manufacturers. Nine individual sec-
tions complete with specs, photos,
prices—the works!

Vital
Components

For Knowledge. - -
For Profit. .- For Sheetr
Electronics Enjoymen

1969 $1.35
TAPE RECORDER ANNUAL

Over 130 pages covering every as-
pect of tape recording. Complete
buyer’'s guide to the brands and
models on the market. Expert tips
on equipment — making better
tapes — editing — copying —
everything you want and need to
know about tape recording.

1969 $1.35
COMMUNICATIONS

HANDBGOOK
148 fact packed pages for the CB,
SWL or HAM. Equipment buyer's
guide — photos — tables — charts
~— getting a license — everything
to make this the world's most com.
plete guide lo communications.

1969 $1.35
ELECTRONICS INSTALLATION
& SERVICING HANDBOOK

For the serviceman who is also a
businessman — the hobbyist who
is also a perfectionist! Covers all
8 areas of consumer electronics
servicing — all the tricks of the
trade—in one complete, up-to-date
guide. This is the industry's '‘how-
to'’ book for installing and serv-
icing consumer electronics equip-
ment.

ELECTRONICS
HANDBOOX i

ZIFF-DAVIS SERVICE DIVISION ® Dept.W 1

595 Broadway, New York, N.Y. 10012 [
1 Please send me the annuals 1've checked below:
1 [] 1969 Electronlc Experimenter's Handbook-Winter 1

C1 1969 Electronic Experimenter’s Handbook- Spring
]

1969 Stereo/Hi-Fi Directory ]
1 1969 Tape Recorder Annual
] 1969 Communications Handbook 1
1969 Elect. Installation & Servicing Handbook 1

]

| am enclosing $_ . My remittance
1 includes an additional 25¢ per copy for shipping 1

and handling  (Outside U.S.A. all magazinesare [l
]

$2.00 per copy, postpaid.) 1
LI EW-109
i print name 1
| address |
l city I
] ] i
i state zip l

== sm PAYMENT MUST BE ENCLOSED WITH ORDER sm =
ELECTRONICS WORLD
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Don’t sell a color
~ picture tube unless its
- been on a test ride.

Down at the bottom of the page, you have a major advance in space-
age homeliness.

And a major advance in color tube testing as well.

That machine squatting down there is our beloved Iron Horse, the
fully-automated, revolving carousel we use to test our color bright 85°
tubes for emission, gas leakage, shorts, arcing and screen uniformity
prior to shipment.

Now we don’t intend to go into a song and dance on how total auto-
mation reduces testing error.

But we will tell you one thing.

Our Iron Horse test ride, combined with our life
testing and 1009 set testing, makes it almost im-
possible for you to get a defective color tube from
us.

Which in turn makes it almost im-
possible for you to get chewed out
by a customer.

Next time you need a color re-
placement tube, remember the i
great thing about the color
bright 85. We don’t send it to
you till it’s been around.

ANIA

GENERAL TELEPHONE & ELECTRONICS

CIRCLE NO 100 ON READER SERVICE CARD
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MATV DISTRIBUTION
AMPLIFIER KITS

for Color/B&W TV

@
For the TV serviceman who has" avoided amplified
distribution systems as too involved, Mosley has
developed four simple and easily sinstalled MATV
Distribution Amplmer Kits for WYHF Color/BE&W TV.
Each kit contains all ‘the. COmpunents necessary for
& two-outlet -amplified system, designed for easy
expansion with additional outlets. Four models for
four widely-used types of lead-in: two coax, two
twin-iead. Instructicns offer suggestions for syStem
planning and simple block diagrams with coax l0ss
factors already figured. Write Dept, 1EGA for details.
46}0 N. Lindbctgh Blvd.,

”ﬂ‘/. Bfidgﬂon stsowi 63042
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COLOR ORGAN

ONE KILOWATT-FOUR CHANNELS

Build Dancing Colored Lighting Displays That Leap And
Sparkle In Ever Changing Color Combinations Of Red, Blue,
Green And Yellow. Displays Which Dance In Rhythm And
Intensity According To The Frequency Content Of The Musical
Input Taken From The Loudspeaker Terminals Of Any Audio

Amplifier.

mplifier YEAR ROUND ENJOYMENT

Hi-Fi Enhancement — Lawn Parties — Musical Groups —
Display Advertising — Spectacular Christmas Displays.

Features: Tunable Active R-C Filters For Frequency Separation

« All Silicon Solid State Design

+ Walnut Wood Grain Panel — Compact Bakelite Case That
Measures Only 734" x 4Y," x 214" Deep.

Easy to Assemble Printed Circuit Board Kit — $49.95
Factory Assembled — $65.00

Add $2.00 For Handling And Shipping Costs
N. J. Residents Add 3% Sales Tax
(Payment Must Accompany Order)

EDISON INSTRUMENTS.; INC.
54 West Cherry Street ® Rahway, N. J. 07065
(201) 381-0140

CIRCLE NO. 137 ON READER SERVICE CARD
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VARIABLE-RATE
WINDSHIELD WIPER

By SANDOR MENTLER

FTEN the amount of rain or mist on a windshield does
not require continuous operation of the windshield
wipers. In such instances it suffices to have the windshield
wiped off with a single stroke of the blades once every few
seconds.

Time-delaved relay circuits can be used to obtain such
operation, but a better solution, without relays and using a
minimum number of parts, is the adapter circuit shown in
Fig. 1.

The UJT (G-E X10) operates as a relaxation oscillator
with the period given by T = RC In (1 / [1 — ]) where 5
is the UJT’s intrinsic stand-off ratio, R = R1 + R4 (Fig. 1)
and the units are in seconds, megohms, and microfarads.
If 4 = 0.63, a typical value, then T = RC. For the values
given in Fig. 1, T varies between 3 and 30 seconds, depend-
ing on the setting of RI.

The pulses appearing at base 1 of the UJT fire the SCR
(G-E X3) which is actually in series with the windshield
wiper motor. Once the wiper blades are set in motion, a
cam-operated switch, S1, which is an integral part of the
mechanism, is driven to its closed position. This action ef-
fectively places a short circuit across the SCR, turning it
off. Due to the very low duty cycle that results, no heat
sinks are required.

Other UJT’s, such as the 2N1671 or 2N2160 may be
used in place of the G-E X10. The SCR must be capable of
handling about 8 amperes and D1 can be any good-quality
silicon rectifier.

The adapter is connected directly across the existing
windshield wiper switch with the polarities as indicated in
Fig. 2. For cars with positive ground, the connections shown
in Fig. 2 must be reversed. On multiple-speed windshield
wiper switches, however, the adapter should be connected
across the terminals corresponding to high-speed operation.

It should be emphasized here that the adapter will not
work on automobiles having self-reversing motors used to
park the wiper blades in a recessed position.

Lo

A AAAAA
V W

Fig. 1. Schematic
of adapter for con-
trolling windshield
wiper operation.

2RI
2500k GE-XIO

TO WINDSHIELD WIPER SWITCH +

\l+

m’l

T0
IGNITION
SWITCH

T0
IGNITION
SWITCH

[
+ +
. L

WINDSHIELD ¢
WIPER
SWITCH .
Fig. 2. Two methods
for connecting the
adaptertothe wind-

WINDSHIELD shield wiper switch.
WIPER
SWITCH ‘/
— WINDSHIELD
& ; MOTOR
(a) {:)]
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SMOooth

RCA WP-700A, 702A, 703A and 704A constant voltage dc power supplies are all
solid-state. A negative feedback circuit maintains constant output voitage with low
ripple —regardless of varying line. In fact, at rated load, these supplies are so smooth
that “they hardly cause a ripple.”

They are versatile bench-type units—ideally suited for use in circuit design, servicing,
industrial, and educational applications.

Output voltage of the WP-700A and WP-702A is continuously adjustable from 0 to

20 volts at current levels up to 200 mA.

Output voltage of the WP-703A is continuously adjustable from 0 to 20 volts at current
levels up to 500 mA.

Output voltage of the WP-704A is continuously adjustable from 0 to 40 volts at

current levels up to 250 mA.

All four power supplies have built-in electronic short-circuit protection — and a front
panel overload-indicator that signals approach to maximum rated current level.

WP-703A: $49.00* (five or more) $58.00% (less than five)
WP-704A: $49.00* (five or more) $58.00* (less than five)

*Optional Distributor Resale Price. WP-702A: Siamese Twins of WP-700A, but electrically
isolated $73.00% (five or more) $87.00%

(less than five)

For further information write: RCA Electronic Components, Commercial
Engineering, Department J-41W, Harrison, N. J. 07029.

Look to RCA for instruments to test/ measure/ view/ monitor/ generate

CIRCLE NO. 96 ON READER SERVICE CARD
October, 1969 77

www.americanradiohistorv.com


www.americanradiohistory.com

SAVE ON EVERYTHING

IN ELECTRONICS!

Stereo hi-fi » Tape
recorders & tape =
Electronic & hobby
kits  CB 2-way
radios * Radios
= Shortwave -
Phonographs =
Amateur gear -
Automotive elec
tronics = Tools
& hardware =
Tubes, transis-
tors, parts, bat
teries, books
and more! . , .

552-PAGE
ALLIED 1970
CATALOG

Right off the press and crammed with
values —our biggest catalog ever! Huge
selections, low prices, fast service,
Mail coupon below for your free copy.
Hurry, while they last!

ALLIED RADIO, Dept. 530 Please
P.O. Box 4398, Chicago, lll. 60680 Print

NAME First Middle Last

STREET ADDRESS or ROUTE & BOX NO,

STATE

ral
E N N TN T RN N RN WY S PIap

CITy

secssssescsscstsovo i
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cut holes

Round=—inches and mm

Greenlee
punches

Here's the simple speedy way to cut smooth,
accurate holes in metal, hard rubber, plas-
tics, epoxy, etc.

Save hours of hard work . ., . punch clean, true
holes in seconds for sockets, controls, meters,
and other components. Easy to operate. Simply
insert punch in a small drilled hole and turn with
awrench. For use in up to t6-gauge metal. Avail-
able at leading radio and electronic parts dealers.

GREENLEE TOOL CO
DIVISION OF GREENLEE BROS. 8 CO
1866 Columbia Avenue, Rockford, I1l. 61101
A Unit of Ex-Cell-O Corporation TXLG

CIRCLE NO. 134 ON READER SERVICE CARD
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TEST

PRODUCT REPORT

EQUIPMENT (&

ROM our discussions with test-
equipment manufacturers lately, it
| seems that service technicians are doing
more and more alignment of color sets
these days. At least there is quite a de-
mand for combination sweep and mark-
| er generators. These instruments are
| solid-state devices, with a number of
crystal-controlled marker frequencies,
| using post injection for the markers;
| they inclide a couple of built-in bias
supplies for the color set, and a number
of special features that make it simple to
do a fast alignment job. We recall the
! “Knight-Kit” (Allicd Radio) NModel KG-
16‘87. the Heathkit 1G-57, the Sencore
SM-152 (covered in this colunm two
months back), and now the B&K Model
415.

| B&K has been demonstrating this
| unit in the field to groups of TV tech-
| nicians. Their field engineers claim that
they will completely misalign a color set
and then realign it, using the Model
415, in less than ten minutes. We have
been told that the average time to date
is eight minutes. This demonstrates a
very easy-to-use piece of test equip-
ment, but also extreme familiarity with
the instrument as well as the television
set.

The new BGK 415 is an all-solid-state
unit with dual-gate MOSFET's. It pro-
vides all the signals and voltages needed
for alignment except for a scope and
' meter. Sweep frequencies. marker fre-

ks
|

www.americanradiohistorv.com

B&K Model 415 Sweep/Marker Generator

For a copy of manufacturer's brochure, circle No. 22 on Reader Service Card.

quencies, and three separate bias sup-
plies are included.

A unique feature is the reproduction
of the alignment curves and marker in-
dicators on the front panel. The user can
select any or all markers, which are
crvstal-controlled for accuracy. A num-
ber of markers can be used simultaneous-
ly to completely mark an if. or chroma
response curve; by using post injection
of the markers there is no curve distor-
tion by the markers and all can be seen
clearly. Marker lights on the front-panel
curves show which markers are being
used and where they should be on the
curve. Another unusual feature is that
the markers can be tilted for easy identi-
fication. This is fine when the markers
appear on the sides or slopes of the re-
sponse curves.

In addition to the ten crystal-con-
trolled i.f. markers, two of the r.f. chan-
nel outputs (channels 4 and 10) are also
crystal-controlled. A 15-kHz filter is in-
corporated in the instrument to eliminate
the need to disable high voltage during
alignment. Besides the TV if. and
chroma sweeps, there are also a 10.7-
MHz sweep for FM-receiver alignment
and a 4.5-MHz sweep for the TV audio
section.

The 100-page, 8% by 11-inch instruc-
tion manual furnished with the genera-
tor is a veritable textbook on sweep
alignment. Written in the style of some
of the military tech manuals we have

ELECTRONICS WORLD
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Excelsior!”

We couldnt leave
well enough alone

We have improved the trackability of the V-15 Type Il in the bass and mid-range registers — without
affecting its redoubtable treble. Result: where, in the past, you may have been required to increase track-
ing forces to track heavily modulated bass drum, tympani, organ pedal, bassoon, tuba, or piano pas-
sages .. .Yyou can now play these passages without increasing tracking force, without bass flutter or IM
distortion . . . and significantly increase record and stylus tip life. Only $67.50 for the world's highest
trackability cartridge.

* Latin: always upward

'_—' V-15 TYPE Il (IMPROVED)

T

‘ 1 YOU CAN MODIFY YOUR
i E PRESENT V-15 TYPE Il ...

H—+—1 11N

kR;[I(VEINAI—:_ 15 TYPE ]‘L )

Q i VIS rTYfE ' 1 You may attain this higher bass and mid-range

S R — T trackability by installing the IMPROVED VNI15E

R N A stylus at $27.00. Look for the word “Shure” in red
letters on the stylus grip.

/

2
|
y

i
1

.

MODULATION VELOCITY CM/SEC.

|

[ |11 1
0 200 W 600 800 §000 4000 6000 8,000 10,000 20000 30,000

2,000
FREQUENCY Hz

TRACKABILITY CHART (1 GRAM STYLUS FORCE)

o

V-15 TYPE Il (IMPROVED)

SUPER TRACKABILITY PHONO CARTRIDGE

© 1969, Shure Brothers Inc., 222 Hartrey Ave., Evanston, Illinois 60204
CIRCLE NO. 104 ON READER SERVICE CARD
October, 1969

www.americanradiohistorv.com

79


www.americanradiohistory.com

TUBE
TESTER
OWNERS

WE HAVE THE
LATEST TUBE
DATA AND JHE, TH
ADAPTERS Jackg
K On
FOR = - NIGHT
R

Don't let your
tube tester
become
obsolete

CLIP AND MAIL COUPON TODAY

. COLETRONICS SERVICE INC. 5
* 1744 Rockaway Ave., .
* Hewlett, N.Y, 11557 6§
. Please send me information on .
M Model No.____and Make .
« Name 5
* Address .
¢ City State Zone .
L] .

®0 0000 0e0 0000000000000

QUALIFY FOR
YOUR FCC
RADIOTELEPHONE
LICENSE!

ICS has successfully trained thousands.
Study at home. at your own speed, with the
detailed personal attention of your highly
qualified instructor. No time lost commuting
to classes, or waiting for a class to catch un.

Course material inciudes detailed informa-
tion on various FCC examinations and typical
FCC examination questions, with answers ex-
plained in detail. Covers preparation for First,
Second and Third Class tickets. Study one ...
or all three.

Your tuttion refunded—or additional instruc-
tion provided—if you fail to pass your FCC exam
after completiny ICS mnstruction.

Don't watt—for full information send the
coupon today.

ICS, Scranton, Pa. 18515
IC S International Correspondence Schools
Division of Intext
Mail to ICS, Seranton, Pa. 18515 R
Rush me (ree details on your warranted
Radiotelephone License qualifying program.

Name Age
(please print)

Address

City State Zip

Qccupation

O 1 am a veteran; tell me how | qualify under

the new GI Bill,

CIRCLE NO. 130 ON READER SERVICE CARD
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seen, the book not onlv covers the
generator thoroughly, but also gives
many practical examples of its use in a

number of typical color-TV receivers.
Price of the B&K Model 415 sweep/
marker generator is $349.95. A

HERE are quite a few transistor

testers on the market, but this Model
LTC-901 from Leader Electronics Corp.
is unusual. Not only does it function as
a fairly conventional in-cirenit and out-
of-circuit transistor checker, but it can
also be used as a signal injector and
signal tracer for audio and r.f. circuits.
What is more, the meter can be used to
measure the amounts of voltage and cur-
rent found in most transistor circuits.
This makes it a useful and versatile piece

of test equipment for the technician
working on solid-state circuits.

As o transistor tester, the unit mea-
sures beta on two ranges (0-100 and
0-200) and collector-to-emitter leakage
curent up to I mA. Diodes can also be
checked with the instrument,

For signal tracing in transistor radios
or andio equipment, there is built into
the unit an audio amplifier circuit, com-
plete with push-pull output and built-in
loudspeaker. The input 1o this circuit is
from a signal tracing probe with a built-
in diode detector. Tor tracing throngh

Leader Model LTC-901 Transistor Tester

For a copy of manufacturer’s brochure, circle No. 23 on Reader Sercice Card.

r.f.or it signals in a receiver, the probe
is simply moved along through the cir-
cuits from antenna to detector. Qutput
will be heard on the built-in speaker up
to the point in the circuit where a defect
exists. For signal tracing in audio cir-
cuits, the detector diode in the probe is
simply switched out of the circuit.

A built-in single-transistor oscillator is
incorporated for producing a signal for
signal-injection purposes. The output is
1000 Hz so that audio circuits can be

. re T
¢ 16 ERECKER & ThAcen

FUNETiy

checked. Harmonics of this oscillator
can be used to inject a test signal into
r.f. circuits as well.

When you are not using the meter as
a readout for the transistor tests, yon can
employ it as a voltmeter or a milliam-
meter. A single d.c. voltage range of 20
volts and a single d.c. current range of
50 mA are provided. Hence, vou can
check the battery or power-supply volt-
age as well as current drain in transistor
radios and other low-power solid-state
equipment.

Price of the Model LTC-901 is $G9. A

Hewlett-Packard Model 204D Audio Oscillator

Fora copy of manufacturer’s hrochure, circle No. 24 on Reader Service Card.

www.americanradiohistorv.com

HIS is the latest in I ewlett-Packard’s

line ol high-quality. low-distortion
andio oscillators. The new oscillator is
similar in design and performance to the
Model 204C covered in this column in
our Mayv, 1968 issue. but it has a much
wider output amplitude range. Its am-
plitude goes up to 2.5 volts into 600
ohms (5 V on open circuit) and down 1o
less than 2350 microvolts. Frequency
coverage is well beyond the audio range:
the instrument covers from 5 Hz up to
1.2 MHz.

The compuct, lightweight oscillator
will be especially useful in the testing

ELECTRONICS WORLD
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and design of sensitive circuits requuring
low-level test signals. like those in andio,
medical, geophysical, communications,
and ultrasonic equipment.

[ts 80-dB attenuator range is covered
in fixed 10-dB steps with a vernier ampli-
tude adjustment that provides a good
overlap on any range. Extremely pure
sine-wave signals are produced with less
than 0.1-percent distortion hetween 30
Hz and 100 kHz. Output amplitude is
extremely flat; within only =0.05 dB
between 100 Hz and 300 MHz, and
within =0.1 dB over the rest of the
range.

A sync output supplies a separate in-
phase sine wave that can be nsed to sync
scopes and other related equipment
without affecting the main output signal.
A syne input terninal is also provided
for synchronizing  the output with
another source. The oscillator can func-
tion as a high-quality tunable filter to
clean np distorted signals applied to this
input.

The oscillator is normally powered by
115- or 230-volt a.c. line power at fre-
anencies from 30 to 400 Hz. Tt may also
be equipped with mercury batteries or
rechargeable  batteries  for  portable
operation. Price of the a.c.-operated
Model 204D oscillator is $323. A

LASER SAFETY PLAN

A plan aimed at promoting the safe

use of lasers has been approved by
the EIA’s Laser Subdivision. The plan
consists of guides for idenmtifving eate-
gories of laser equipment and the degree
of hazard connected with each so that
necessary safety  measures can be
plicd.

ap-

Laser unsage is classified in terms of
the effective use of radiation confine-
ment and control and the amount of
hazardous radiation produced within the
cquipment.

Laser system radiation from
|ll‘i||lill‘_\' Iil.\'('l' l)('ﬂl“s. S(‘('(blldil.'_" l)('ﬂl‘ls.
and laser pump sources. The plan re-

comes

quires definition of the magnitudes of
laser systems radiation to be considered
acceplable for exposure to the human
eve or the skin. A

ke >
——

““George! What's Mother's picture doing over
the p.a. speaker?”’

October, 1969

For The
Experimenter!

International
EX Crystal & EX Kits

| OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER

Type EX Crystal

Available from 3,000 KHz to 60.000 KHz. Supplied anly in
aration is +.02% when operated in International
itor ils equivalent. {Specify frequency)

HC 6/} holder. C
OX c

395

OX OSCILLATOR

Crystal controlled transistor type.

Lo Kit 3.000 to 19,999 KHz
Hi Kit 20,000 to 60,000 KHz $ 295
(Specify when ordering)

MXX-1 Transistor RF Mixer $3.50

A single tuned circuit intended for signal con-

version in the 3 to 170 MHz range. Harmonics

of the OX oscillator are used for injection in
the 60 to 170 MHz range.

Lo Kit 3 to 20 MHz

Hi Kit 20 to 170 MHz

(Specify when ordering)

SAX-1 Transistor RF Amplifier $3.50
A small signal amplifier to drive MXX-1 mixer.
Single tuned input and link output.

Lo Kit 3 to 20 MHz

Hi Kit 20 to 170 MHz

(Specify when ordering)

PAX-1 Transistor RF Power Amplitier  $3.75
A single tuned output amplifier designed to
follow the OX oscillator. Outputs up to 200 mw
can be obtained depending on the frequency
and voltage. Amplifier can be amplitude modu-
lated for low power communication. Frequency
range 3,000 to 30,000 KHz.

BAX-1 Broadband Amplifier $3.75
General purpose unit which may be used as a
tuned or untuned amplifier in RF and audio
applications 20 Hz to 150 MHz. Provides 6
to 30 db gain. Ideal for SWL, Experimenter or
Amateur.

Write for complete catalog.

INTERNATIONAL

Y " W

CRYSTAL MFG. CO,, INC.
10 NO. LEE @ OKLA. CITY. OKLA. 73102
CIRCLE NO. 129 ON READER SERVICE CARD
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Electrolytic-Capacitor Tester

By D.F. FLESHREN

Provides a unique method of testing miniature high-capacitance.
low-voltage electrolytics now widely used in solid-state circuits.

HE inherent nature of a capacitor does not readily per-

mit a simple and reliable ohmmeter check as is fre-

quently used in testing other components. This is true
because of the time required to charge and discharge a ca-
pacitor. and the fact that no direct-current puth exists through
the device. Then, too, the applied working voltage must he
considered in making such a test.

The test set and method described here does not measure
actual capacitance, but rather provides a qualitative test,
using the required working voltage. Its useful range is 0.001
w17 to approximately 1000 «F, with a variable 0-35 volts d.c.
applied. The it makes a non-destrnctive test of the capaci-
tor regardless of its condition.

Test Method Enployed

The busic principle used in this test iethod consists of ap-
plying the normal working voltage to the capacitor. while
observing the charging current in terms of the voltage de-
veloped across a series resistor. The capacitor is then switched
to discharge across a similar resistor. and again the resulting
discharge current monitored in terms of the voltage across
the resistor.

Front-panel of tester. The indicator tube is mounted behind
s by VY2 in opening directly above the d.c. voltmeter.

Inside view shows hand-drawn printed-circuit board used.
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The RC time constant (T) determines the length of time
required to charge or discharge the capacitor. Accordingly,
using the formula T == RC, with T (time) in seconds, R (re-
sistance ) in ohms. and C (capacitance) in farads. a capacitor
is considered to be fully charged (or discharged) in 5 (T)
seconds. When the resistance is held constant, the charge/dis-
charge time will be determined entirely by the capacitor.
Therefore. the test set readout device must indicate the
charge and discharge in direct relation to the value of the
capacitance.

The initial problem was that of monitoring the small volt-
age which resulted from the charging and discharging cur-
rent through the respective load resistors. The monitoring
device had to be sensitive to a very small voltage change and
exhibit a high input impedance so as to insure minimum cir-
cuit loading. It also required a high-speed device capable of
following the instantaneous voltage changes. A mechanical
readout, such as a meter. could obviously not be used. Several
lamp circuits were tried, as well as a number of (ransistor
sensing circuits with varions types of indicators, but results
proved unsatisfactory, and did not warrant the additional
cost and complexity.,

In search of a miniature electric-eve indicator tube. a rela-
tively: unknown little tibe was tried. and found to meet
and/or exceed the requirements. Tt provided a high input im-
pedance. near instantaneous response, the required sensitiv-
itv, and performed as an excellent visnal readout display. The
device, a Type 6977 triode indicator tube. manufactured by
Sylvania, Amperex, and Tung-Sol, sells for approximately
$2.50 apiece.

As indicated in Table 1. this tube has a phosphorescent
coating on its anode which glows pale blue when the tube is
made to conduct. This condition exists with zero volts on the
grid. The visual glow can be observed along the side of the
tube for an area of % « % inch. The tube can be cut off with a
negative grid input of 3 to 4 volts.

IFig. 1 shows the two basic operating modes of this test set.
There is un adjustable 0 to 35-volt d.c. supply and its asso-
ciated voltmeter circuit. With S2 in the “Charge” mode. the
direct-current path for the capacitor being tested is from
ground, through R10, the center arm of switch 2, the C,
termivals, and then to +E,, the charging-voltage supply.
One arm of S2 also connects directly to the indicator tube,
V1, which will turn on during the charging cyvele due to the
positive-going voltage across R10.

After Cis fully charged. current through R10 drops to zero
and the display tube extinguishes. Note that when C, is open,
no current flows and there is no visual indication. Conversely,
when C, is shorted, the full £, supply voltage is applied to the
grid circuit of V1 for a continuous bright glow,

Table 1. Characteristics of 6977 indicator tube used for readout.

E, 65 V (max.)
E(lll) 1V i50/0

Length 11"
Diameter 743"
Lead length 13/,"
Iy, 30 mA Phosphor display blue
Iy 5 1A (cut-off)

Ip 580 pA (max. brightness)

ELECTRONICS WORLD
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+ SUPPLY VOLTAGE (E¢) —?

CHARGE M|

RIO

||”

TO vl GRID CKT

DISCHARGE e)

AAAAAAAAA.
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Fig. 1. Basic operating modes. Switch
is shown in charging position, while
dashed arrows indicate discharge mode.

The next step is to transfer switch S2 to its mid-position
(not shown ), which opens all of the switch contacts, thereby
floating both terminals of capacitor C,. This allows the ca-
pacitor to be isolated for any period of time, to determine its
ability to hold a charge. It is a good test of the dielectric and
lea]\age characteristics.

The final step is with switch S2 thrown to the “Discharge”
position. Note the voltage polarity across C. at this time,
when it is fully charged. The discharge path is from the nega-
tive side of Cx, ground, through the resistor R11, and back to
the positive side of C.. Again the display tube is switched
across the load resistor, and the voltage is such that V1 con-
tinues to glow as long as the discharge current flows through
R11. A good capacitor should indicate equal brightness on the
readout in both the charge and discharge modes. The duration
will be short for very small capacitors, and will be consider-
ably longer when testing the larger electrolytics.

Four different operating voltages are required in the test
set: a +1-V filament supply, +65-V plate supply, —4-V cut-
off bias for the 6977 tube, and an adjustable 0-35-V charging
supply to provide the working test voltage. To avoid using a
multi-winding power transformer and to facilitate a better
packaging arrangement, two small inexpensive 117 V to 6 V
a.c. (1-A) filament transtormers were used in a back-to-back
configuration, as shown in Fig. 2.

The breadboard version of this test set with its relatively
few components seemed to be a good printed-circuit board
project. Printed-circuit tabs were included on the edge of the
board to which all external leads were soldered directly (Re-
{er to inside photo and Fig. 3).

The display tube presented somewhat of a mounting prob-
lem. The tube is mounted (using a thin bead of epoxy ce-
ment) behind a small rectangular opening in the front panel
just above the meter, Be careful to orient the tube so that the
fine cross-haired side of the tube is exactly centered on the
opening and facing the front of the unit.

Testing & Operation

Prior to testing the completed unit, check the voltages on
the indicator tube with 82 in its mid-position. These voltages
should be within 10% of the specified values. Then transfer
S2 to the “Charge” position and adjust the voltage control
(R4) for some upper scale reading. Using a reasonably ac-
curate external meter, measure the voltage across the C.
terminals on the front panel. It should be the same as that
indicated on the internal meter. An external multiplier re-
sistor (R1) may have to be used to produce a 40-volt full-
scale reading.

Next, observe that the indicator tube is off, with no visual
display other than a dim filament glow along the center of
the tube. Connect a small resistor across the C, terminals.
Adjust the working voltage for some mid-scale reading and
note the steady glow of the display tube. This readout corre-
sponds to the equivalent leakage resistance of a defective ca-
pacitor. Try several larger value resistors, and note the less
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Fig. 2. Power supply uses back-to-back transformers.

brilliant display, which is equivalent to testing capacitors
with less internal leakage. Transferring switch 82 to “Dis-
charge” will not generate a visual readout since the resistors
will obviously not hold a charge.

A capacitor is now placed across the C, terminals, observ-
ing the correct polarity. The test voltage is then adjusted ac-
cording to the approximate working voltage of the capacitor,
and S2 is switched to “Charge”. The display tube should glow
brightly in proportion to the charging current, then fade slow-
ly as the capacitor reaches full charge and current drops oft
to zero. Switch $2 is then transferred from its mid-position
which floats the capacitor, The capacitor can be evaluated
now regarding its ability to hold a charge for a given period
of time. The final step consists of switching S2 to the “Dis-
charge” mode and observing the display tube. The initial
heavy discharge will cause a bright glow which will diminish
as the capacitor becomes fully discharged, and current flow
again decreases to zero.

A shorted capacitor will cause a steady glow in the
“Charge” position, and will produce little or no visual display
in the “Discharge” position. An open capacitor will produce
little or 1o visual display in either of these modes. When test-
ing very large capacitors in the 1000-4F range, it requires
much longer for the charge and discharge cycles. In the
“Charge” mode a capacitor is considered to be “leaky” if the
display does not fully extinguish after a reasonable time. A

Fig. 3. Complete schematic showing printed-board terminals.
Parts not mounted on board are shown above the heavy line,

ANODE (1)
FiL.GND (4) /4__
TV AC. GRID (2) LIGHT OUTPUT
FIL. +IV (3) \\
FROM 8V AC,
WINDING
or T

Hrv

R1—Multiplier res. for meter
(optional, see text)

R2—150 ohm, 2 W res.

R3—1000 ohm, 2 W res.

R4—1000 ohm, 2 W linear-taper pot

PL1—NE-51 lamp

F1, F2—14 A, plug-mounted 3AG fuse
J1, J2—Banana terminal post
M1—-0-40 V d. c. full-scale meter

D1, D2, D3, D4—1N2070 diode or

R5—100 ohm, V2 W res. equiv,

R6—150 ohm, 5 W res. DS, D6, D7, D8—1N1693 diode or
R7—10,000 ohm. Y2 W res. equiv.

R8—120,000 ohm, 15 W res. T1, T2—117 V a. ¢./6 V a. ¢. at

R9—15,000 ohm, V2 W res. 1 A crans.

R10, RI11—-680,000 ohm. Y4 W res. V1—6977 indicator tube (Sylvania,
+57% Amperex, or Tung-Sol)

R12—22,000 ohm, Y2 W res. 1—3" x 5” x 7" circuit box

C1, C2—10 uF, 150 elec. capacitor

C3, C4—100 uF. 20 V elec. capacitor Note: PC boards are available at

S1—S.p.s.t. toggle switch $8.00 each from the author at 7305

S2—3-pole, d.t.. center-off, Valleycrest Blvd., Annandale, Vir-
lever switch ginia 22003.
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The Dual 1219:
the automatic turntable
with more precision
than you may ever need.

Damped counterbalance
with 0.01 gram click-stops.

Rotating single-play spindle.
Interchanges with
“elevator-action,” Four-point ring-in-ring
multiple-play spindle. gimbal suspension. Direct-reading stylus
force dial.
Twelve inch dynamically Mode Selector for single-
balonced seven pound plotter. 8% inch effective ' ploy or multiple play.

tfonearm length.
Pitch-control for “tuning”
records over 6% range. Separate anti-skating for

conical and elliptical styli.

Feathertouch

cue-control
damped in both
directions. N

84 ELECTRONICS WORLD
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Before the 1219 came on the scene,
the Dual 1019 was regarded as the fin-
est automatic turntable ever made. In
fact, most hi-ti protessionals had long
used & 1019 in their personal systems.

This left new goals for Dual engi-
neers: fo overcome, as far as possible,
the few design compromises still inher-
ent in automaitic turntables.

The new Dual 1219 Professional
Automatic Turntable was the result.

The automatic arm that doesn't
compromise on single records.

Ideally, every record shoultd be
played by a stylus t-acking af the same
angle as the stylus used to cut the mas-
ter record (15° from vertical).

With a single-play turntable, that's
no problem as the tonearm always
tracks at the same angle. But with an
automatic turntable, the angle of the
tonearm and stylus vary with the height
of the stack.

As a compromise, even the best au-
tomatic arms have been designed to
track at 15° only at the middle of the
stack and tili downward on single rec-
ords.

The 1219 eliminates this compro-
mise. In the multiple-play mode, the
tonearm tracks at 15° at the middle of
the stack. Just like any other automatic
tonearm. .

But in single play, the tonearm is
lowered by the Mode Selector to track
precisely at the same 157 Unlike any
other automatic tonearm.

_Balanced and pivoted
like a precision gyroscope.

Precision gyroscopes must stay
balanced and pivot freely in all direc-
tions. So should tonearms. That's why
the 1219 tonearm is suspended like a
gyroscope: centered within a true, four-
point gimbal.

October, 1969

The tonearm pivots vertically from
an inner concentric ring. Which, in turn,
pivots horizontally from a fixed outer

ring. No matter which way the arm
pivots, it remains in perfect dynamic
balance.

And it pivots freely, on four identi-
cal bearings whose friction is so low
we had to design and build our own in-
struments to measure it. Friction is a
mere 0.015 gram horizontally, only
0.007 gram vertically. Or less.

Anti-skating: different scales
for different styli.

Elliptical styli create more skating
force than conical styli do.

I's a very slight difference. But
measurable in a tonearm with the
1219's low bearing friction.

canti-skating

That's why the 1219's anti-skating
system has a separately calibrated
scale for each stylus type. The engineer-
ing problem was complex, but the so-
lution isn’t. You simply dial anti-skating
to the same number you set for stylus
force.

Synchronous speed constancy,
plus pitch control.

The 1219's motor has a continuous-
pole element that brings the twelve inch,
seven pound platter up to full speed in
less than half a revolution.

ft also has a synchronous element
that locks the speed into the line fre-

CIRCLE NO. 99 ON READER SERVICE CARD
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quency and keeps it there, no matter
how line voltage may vary.

Most turntable manufacturers
would be glad 1o offer fast starts and
dead-accurate speed and let it go at
that.

But there are times when you might
not want “accurate” speeds. You might
want to match record pitch to a five in-
strument. Or alter the fiming of a record
to match that of a home movie. Or play
on old, off-pitch record.

With the 1219’ pitch controf, you
have a choice. Because all three speeds
can be varied up 1o 6%, a semitone in
pitch. (Sometimes a machine as perfect
as the 1219 must adjust to the rest of the
world.)

More precision than you need?

There are still more refinements in
the 1219. For example: it has the long-
est of all automatic tonearms, to achieve
the lowest tracking error of all automat-
ics: less than one and a half degrees.
Its cue control is damped in both direc-
tions, so the tfonearm moves with equal
delicacy whether you're raising or low-
ering it.

You may well “hink the 1219 does
indeed have more precision than you
need. But records and cartridges are
being improved all the fime. So a turn-
table can never have 1oo much preci-
sion, or too many refinements if it is to
stay ahead of them.

The refinements in the 1219 are,
however, costly to produce. At $159.50,
they may be unnecessary for some
music lovers. So Dual offers two less
expensive models, af $79.50 and
$119.50. With fewer features, but no
less precision or reliability.

Our literature will help you decide
which Dual you really need.

United Audio Products, Inc.,

120 So. Columbus Ave., Mount Vernon,

New York 10553.
Dual
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J Increase Engine Power

J Increase Gas Mileage

Reduce Engine Main-
tenance

Instant Starting in All
Climates

GAPACITIVE
DISCHARGE
IGNITION
SYSTEM

Order
Today!

) ONLY
¢

5198

v
v

o

Completely wired, ready-
to-install (not a kit)

o Easy installation (use original coil)

e Solid state reliability

o G-10 type spacecraft circuit board
e Distributor points last lifetime of car
® Spark plugs last 3to 10 times longer

o No changes required on timing
or dwell

o EXCLUSIVE built-in switch for
instant change from CD unit to
standard ignition system while
engine is running (for tune-ups,
testing)

e For 12-volt negative ground
systems only

o l-year written guarantee

DEALER / DISTRIBUTOR
INQUIRIES INVITED!

| [BaglPRODUCTS, INC.

| P.0. Box 9562, Houston, Texas 77011

| Please send Model SW100 Capacitive I
Discharge lgnition Systems @ $29.95. I
Enclosed is $. [ ship ppd. [J Ship €.0.D. I

| Name

| Address

City/State
CIRCLE NO. 146 ON READER SERVICE CARD
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EW Lab Tested

(Continued from page 22)

rated bookshelf models, but its most ob-
vious quality is its lack of flashy or char-
acteristic coloration. It is neutral, in the
best sense of the word. The A-25 is a
new addition to that select group of
speakers that are easy to listen to, that
do not offend the ears with harsh or un-
natural sound, and that produce out-

standing definition and low-bass solidity
when the music demunds it.

Not the least of the A-25’s attractions
is its low price of $79.95. \WWe have com-
pared it with a number of speaker sys-
tems costing two and three times as
much, and we must say it stands up ex-
ceptionally well in the comparisons. We
judge the A-25 to be another feather in
Dynaco’s cap and a continuation of the
company’s policy of very high quality at
moderate cost.

Shure M92E and M93E Stereo Phono Cartridges

For copy of manufacturer’s brochure,

HORTLY after Shure introduced its
“Hi-Track” series of cartridges, we
noted at the time that they came very
close to matching the performance of
the widely acclaimed V-15 Type 11, but
at a much lower price.
The M92E and M93E use a cartridge
body which snaps into an easy-to-mount

| bracket for simplified installation. The
| M92E uses a 0.2 x 0.7 mil elliptical

stvlus, rated for tracking forces from
0.75 to 1.5 grams. The M93E is similar,
but has a 0.4 x 0.7 mil stylus designed

| to operate from 1.5 to 3 grams, and with
1 to 2 dB less tracking ability than the

M92E.

The M92E required 1.5 grams in our
tracking tests, while the M93E operated
at 2 grams. The M92E and MY3E had
6.5-millivolt outputs, the highest that
we have tested recently. Hum shield-
ing was slightly better than average.

circle No. 21 on Reader Service Card.
The M93E tracked slightly better at 2
grams than the MY2E did at 1.5 grams,
but both did an excellent job in this
regard.

Both cartridges had similar frequency-
response characteristics. The cartridges
had excellent response up to nearly 20
kHz, with a slight peak in the 13- to
15-kHz region. Their channel separation
was excellent up to 10 kHz. The M92E
lost separation above 14 kHz, while the
separation of the M93E remained at 5 to
10 dB all the way up to 20 kHz.

The M92E and M93E were able to
track high velocities of 20 to 21 cm/sec
at only 2 percent IM distortion. Their
square-wave responses were essentially
identical, with several cycles of ringing
at about 15 kHz. The tone-burst re-
sponse showed degradation between 15
and 20 kHz.

Price of the Shure M92E is $44.95

and of the MY3E is $39.95. A
e T T T
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IM distortion at various recorded velocies.

Upper curve shows the frequency response of the cartridge, with both channels
averaged to obtain the single curve shown. Separation is measured as the dif-
ference between the frequency response and the crosstalk curves at the frequency
of interest. The square wave at the left shows the output from the cartridge
when the input is a 1000-Hz square wave from the test record that was employed.

ST SIEET=EN {1531 FEE A Tl
T T f | |

CORRECTED FOR RECORD

RESPONSE BELOW SOOH:

| FREGUENCY RESPONSE | || -

0

g

N
[¢]

s I3
i SHURE MS3E i i
T AVERAGE BOTH CHANNELS =1
CORD: CBS STRIOO e

RELATIVE RESPONSE-
N
an

200

SO0

20k

S

FREQUENCY — Hz

www.americanradiohistorv.com

ELECTRONICS WORLD


www.americanradiohistory.com

REPETITIVE
RAMP GENERATOR

By ARTHUR BURNS
Project Engineer, Mallory Battery Co.

PPLICATIONS such as the “sweep”
tuning of oscillators, filters, and
receivers frequently require o repetitive-
voltage (no output current) ramp gen-
crator. A wide range of ramp periods
and output voltages are easily obtained
with the circuit shown below.

Basically, the circuit consists of a con-
stant-current  generator which linearly
charges capacitor C to the trigger volt-
age of the thyristor, T. The breakdown
of T turns on the SCR which then dis-
charges capacitor C.

The desired peak voltage of the ramp
determines choice of T. Suitable thy-
ristors are available from several manu-
facturers and in w wide range of voltages.
Bilateral or unilateral trigger devices
may be emploved. Motorola’s M4L3032-
54 (8- to 12-volt range) or the N4L.29-3
to M4L50A (14- to 537-volt range) are
typical and will work well in this circuit.

Having selected the thyristor, a suit-
able constant-current source is chosen.
Field-effect current-regulator  diodes
such as the Motorola 1N3283 through
5314 (regulator currents of 0.22 mA to
47 mA ) are satisfactory. In general. the
smaller the current, the lower the value

of C required for a given ramp period.
(Note: In no case choose a regulator
current which exceeds the holding cur-
rent rating of the SCR or repetitive oper-
ation will not occur.) A somewhat lower |
cost and more flexible arrangement to
replace the regulator diode is shown
dotted in the diagram. This consists of
a self-biased FET regulator whose con-
stant-current level may be varied by the
choice of R.

Finally, the required capacitance val-
ve for C may be determined by the
relation: C = [t/V, where | = current
value of the constant-current diode in
amperes, ¢ = desired ramp time in sec-
onds, V. = breakdown voltage of the
thyristor selected, and C = the required
capacitance in farads.

The valves shown in the diagram
gave a 3-second ramp period with a
peak voltage of 20 volts. A

Schematic of simple ramp generator. [

FET
REGULATOR
(3Nn124)

!
i |
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World Famous

Simpson 260°
Millions now
in use!

 SELF-SHIELDING, SHOCK PROOF . .. for outstanding

accuracy and repeatability.
¢ VARISTOR PROTECTED against even 200,000% overloads.
* RUGGED DEPENDABILITY that has no equal.

New Taut Band 260"-5 complete with test
leads, batteries, and 40-page operator’'s manual.. .. $65.00
New Taut Band 260®-5M with anti-paraliax mirror scale

and knife-edge pointer ......... ... . .. .. 0 i, $67.00
New Taut Band 260®-5P with circuit breaker overload
protection of VOM circuitry ............. 0000D000aAa0000 .. $97.00

GET "OFF-THE-SHELF” DELIVERY FROM
YOUR LOCAL ELECTRONIC DISTRIBUTOR

DIVIS‘;(‘)N
5200 W. Kinzie Street, Chicago, Illinois 60644 e Phone (312) 379-1121
Export Dept: 400 W. Madison Street, Chicago, Illinois 60606. Cable Simelco
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an you solve these
two basic problems in
electronics?

input

This one is relatively simple:

When Switch S: is closed, which lamp
bulbs light up?

Note: If you had completed only the first lesson
-of any of the RCA Institutes Home Study programs,
you could have solved this problem.

(d—d) s110A 02—2 wajqold
dn 1By ||e Aayi—1 wajqoid ‘SHIMSNV

Z: 10 volt zener diodes

a-c output

This one’s a little more difficult:

What is the output voltage {(p—p)?

Note: If you had completed the first lesson in the
new courses in Solid State Electronics, you could
have easily solved this problem.

These new courses include the latest findings
and techniques in this field. Information you must
have if you are to service today’s expanding
multitude of solid state instruments and devices
used in Television, Digital, and Communications
Equipment.

1f you had completed an entire RCA Institutes
Home Study Course in Semiconductor
Electronics, Digital Electronics, or Solid State
Electronics, you should now be qualified

for a good paying position in the field you choose.
Send for complete information. Take that first
essential step now by mailing the attached card.

. ELECTRONICS WORLD
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RCA Institutes Autotext learning method

makes problem-solving easier...

gets you started faster towards a good-paying career in electronics

Are you just a beginner with an interest in
electronics? Or, are you already making a living
in electronics, and want to brush-up or expand
your knowledge? In either case, RCA has the
training you need. And Autotext, RCA Institutes’
own method of Home Training will heip you learn
more quickly and with less effort.

Wide Range of Courses

Select from a wide range of courses. Pick the
one that suits you best and check it off on the
attached card. Courses are available for beginners
and advanced technicians.

Electronics Fundamentals
Black & White Television Servicing

(Transistorized TV Kit Available)

Color Television Servicing (Color TV Kit Available)
FCC License Preparation
Automatic Controls
Automation Electronics
Industrial Electronics
Nuclear Instrumentation
Electronics Drafting
Computer Programming

Plus these new
up-to-the-minute courses

Semiconductor Electronics
Digital Electronics

Solid State Electronics
Communications Electronics

Build and keep this
valuable oscilloscope.

Prepare for good paying
positions in fields like these §
Television Servicing
Telecommunications
Mobile Communications
CATV

Broadcasting

Marine Communications
Nuclear Instrumentation
Industrial Electronics
Automation

Computer Programming
Solid State

Electronics Drafting

g o L '6 -

In the new program on Solid
State Electronics you will study
the effects of temperature and
leakage characteristics of
transistors.

October, 1969

Valuable Equipment—Yours To Keep

A variety of RCA Institutes engineered kits are
included in your program of study. Each kit is yours
to keep when you've completed the course.
Among the kits you construct and keep is a working
signal generator, a multimeter, a fully
transistorized breadboard superheterodyne

AM receiver, and the all-important oscilloscope.
These 4 kits are at no extra cost. Compare this
selection with other home study schools.

Convenient Payment Plans

RCA Institutes offers liberal monthly payment
pians to suit your budget.

Classroom Training Also Available

RCA Institutes operates one of the largest technical
schools of its kind. Day and evening classes. No
previous training is required. Preparatory courses
are available. Classes start four times a year.

Job Placement Service, Too!

Companies like Bell Telephone Labs, GE,
Honeywell, IBM, RCA, Westinghouse, Xerox, and
major radio and TV networks have regularly
employed graduates through RCA Institutes’ own
placement service.

All RCA Institutes courses and programs are
approved for veterans under the new G.l. Bill.

Send Attached Postage Paid Card
Today. Check Home Study or
Classroom Training.

Accredited Member National Home Study Council.

IF REPLY CARD 1S DETACHED, SEND THIS CCUPON
RCA Institutes Inc.

Home Study Dept, EW-09
320 West 31 Street
New York, N.Y. 10001

|
|
|
l
|
|
I Please send me FREE illustrated career catalog.
|
|
|
|
|

Name =~ . Age
(please print)
Address -
City State Zip
L e e ——— _l

wWwWWwW. americanradiohistorv.com


www.americanradiohistory.com

simplifies soldering

TEMPMATIC®

Temperature
Controlled Soldering Tool

Combines all the advantages of a pencil iron,
a fast heating soldering gun, and tip
temperature control. Exclusive removable
Powerhead contains Weller's temperature
control system. Protects components even in
the most delicate work situations. Tool weighs
7 oz. Use it for light or heavy duty soldering.
Model GT-7A has 700°F. 34¢” chisel point
Powerhead. Model GT-6B has 600°F. %"
conical point Powerhead.

The original
Dual Heat Guns

Fast heating. Long-life tips. Exclusive
trigger-controlied dual heat. High
soldering efficiency. Spotlight. 3
models from 100/140 watts to
240/325 watts.

Dependable MARKSMAN Irons

They outperform other irons of their size and weight. Long-
reach stainless steel barrels. Replaceable tips. 5§ models
from 25 watts to 175 watts.

Weller 25-watt Iron for intricate work

Industrial rated. Weighs 134 oz.
o

Delivers tip temperatures to
WELLER ELECTRIC CORP., Easton, Pa.

860°F. Cool, impact-resistant
handle. Model W-PS with 1{¢" tip.
WORLD LEADER IN SOLDERING TOOLS

CIRCLE NO. 97 ON READER SERVICE CARD
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BOOK

REVIEWS |
| |

"LASER COMMUNICATION SYSTEMS by William K. Pratt.
Published by Johin Wiley & Sons, Inc., New York. 266 pages.
Price $14.95.

This book is addressed to the practicing physicist, electri-
cal engineer, and students of both disciplines who are inter-
ested in the field of laser communications but are lacking one
of the background technologies. The text is written at an engi-
neering level and math is used extensively.

The text is divided into 13 chapters and four appendices.
It covers an introduction, modulation and demodulation,
optical components, modulators, detectors, background radi-
ation, atmospheric propagation, detection noise, detection
processes, communication receivers, baseband pulse and digi-
tal laser communication systems, subcarrier and heterodyne
digital laser communication systems, and optimum system
design. The appendices cover polarization, matrix algebra,
Gaussian process, Poisson process, and a listing of selected
symbols. Each chapter carries a list of references for addi-
tional study of the material covered in the chapter.

The author, who was associated with Hughes Aircraft from
1959 to 1965, is now Assistant Professor of Electrical Engi-
neering at USC specializing in teaching and research in the
areas of video and optical processing and laser communica-
tions.
| * * *

“KNOW YOUR VOM-VIVM by Joseph A. Risse. Published
by Howard W. Sams & Co., Inc., Indianapolis, Ind. 154
pages. Price $3.50. Soft cover.

This is a revised and updated edition of a work that origi-
nally appeared in 1963. It is a simple and straightforward
treatment of the two most widely used instruments in elec-
trical and electronics work. For students, experimenters, hob-
byvists, and others just starting out, the author has included a
short review of electrical measurements basics.

The text is divided into nine lavishly illustrated chapters
covering v.o.m. and v.t.v.m. construction, applications, repair
and maintenance, with the final chapter devoted to solid-
state electronic v.o.m.’s. So that the book can be used in
classrooms, each chapter carries questions about the material
covered, with answers provided.

Even an experienced service technician could probably

glean much information from this comprehensive handbook.
* * *

""HOW TO SELECT AND USE HI-FI AND STEREO EQUIPMENT"
by Murray P. Rosenthal. Published by Hayden Book Com-
pany, Inc., New York. Two volumes, 114 pages & 104 pages.
$3.25 each volume. Soft cover.

Volume one covers loudspeakers, enclosures, amplifiers.
tuners, and receivers while the second volume deals with rec-
ord plavers, tape recorders, and hi-fi troubleshooting. Al-
though the volumes may be purchased separately, the ma-
terial in both volumes would be of interest to the dedicated
audiophile.

The author’s style is informed and informal. Even those
dipping a toe into the hi-fi pond for the first time will have no
trouble understanding just what is involved. After an intro-
ductory chapter in which le traces the development of sound
reproduction, the author plunges into acoustics, speakers and
enclosures, amplifiers and preamps, tuners and receivers,
records and record players, tape recorders, and hi-fi trouble-

ELECTRONICS WORLD
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shooting., The volumes are lavishly illustrated with photo-
graphs of commercial equipment, line drawings, graphs, and
schematics.

If you want to acquire hi-fi “know-how” painlessly and in
an entertaining manner, these volumes are for you.

* * *
““TRANSISTOR, THYRISTOR & DIODE MANUAL" compiled and
published by RCA Electronic Components, Harrison, New
Jersey. 652 pages. Price $2.50. Soft cover.

This is SC-14 in RCA’s technical series and contains the
latest available information on basic technology, operating
principles, characteristics and ratings, applications, and the
testing of its semiconductor devices. It is prepared specifically
for use by circuit designers, students, experimenters, and
others interested in the operation and application of semi-
conductor devices.

The text section consists of twelve chapters with over 200

pages of basic information on the devices while the technical
data section provides data and design curves, basing dia-
grams, and tabular material on more than 900 semiconductor
devices.
““THE RADIO AMATEUR’'S HANDBOOK'* by The Headquarters
Staff. Published by Amecrican Radio Relay League, New-
ington, Conn. 06111. 610 pages plus tube and catalogue
sections. Price $4.00 (in U.S.). Soft cover.

This 46th Edition of the Handbook contains a lot of new
material and much revised and updated data. Although pre-
pared especially for beginning and advanced radio amateurs,
a lot of the information will be useful to engineers and elec-
tronics technicians as well.

Among the subjects receiving treatment for the first time

sistorized oscillators, audio amplifiers, mixers, i.f, and r.f. ani-
plifiers, and d.c. amplifiers. There are numerous new con-
struction projects including universal-type power supplies for
all voltage ranges from 3 to 1000; solid-state transceivers;
transmitting and transceiving converters for SSB; and trans-
mitting equipment for the 160-meter band.

The popular tube-base diagram section has been upped to
576 illustrations in this edition while the text as a whole con-
tains over 1300 diagrams, charts, graphs, schematics, and
photos. -

“ELECTRICAL PRINCIPLES OF ELECTRONICS” bv Angelo C.
Gillie. Published by McGraw-Hill Book Company, New York.
720 pages. Price $11.50.

This is a revised and updated version of the author’s 1961
volume written for electronics technicians. It provides a
comprehensive background in d.c.-a.c. electrical principles
tor those enrolled in two-year electrical or electronics tech-
nology courses. First-year algebra is prerequisite for the first
part of the text with the rest of the necessary mathematical
skills to be acquired by the student as he progresses in his
other courses.

The text is divided into three main sections covering the
characteristics of d.c. circuits, characteristics of sinusoidal
circuits, and characteristics of complex waveform circuits.
Since the book is intended for classroom instruction, the text
carries large numbers of problems, questions, examples, for
the student to work. Six appendices carry the table of natural
logs, table of common logs, table of natural trigometric func-
tions, table of exponential functions, capacitor codes, and
schematic symbols so that the student can have all his refer-
ence material at hand during the course without reference

are dual-gate MOSFET's, solid-state product detectors, tran-

to other texts.

A

“Like hearing 500
other exhausts...
all behind me

October, 1969

Driver Ritchie Pelham had
just one question. “How do
they get so much sound out
of such a little box?”” “Never
mind how,” we said. “We
just do it.” And we do.

When we introduced the
Ultra-D our competitors
asked themselves the same
question. Product reviewers
and critics raved — said it
was the equal of systems
costing twice as much. It
has since become an in-
dustry yardstick, against
which other compact sys-
tems are measured.

To everyone’s amazement
(including our own) we've
even managed to improve it
without raising the price —
making today’s Ultra-D a
more outstanding value than
ever.

Why not see it — hear it
— now, at your University

Ligten . . .

BOX 26105

www.americanradiohistorv.com

University Sounds Better

UNIVERSITY'SOUND

A DIVISION OF LTV LING AL TEC,

; OKLAHOMA CiTY, OK 73126
CIRCLE NO. 98 ON READER SERVICE CARD

dealer’s. Its big sound will
open your ears. lts style and
size will open your eyes.
And its low price will open
your wallet.

ULTRA-D features 10" ultra-linear
woofer, 4" midrange speaker, 3%,"
direct radiator rigid diaphragm
tweeter with aluminum voice coil
— 30 Hz to beyond audibility —
23 13/16 x 117 x 934" — 24 |bs.
Also featured: STUDIO PRO 120A
FM/stereo receiver, nation's only
“certified” receiver,

tNC,
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NEW PRODUCTS
& LITERATURE

For additional information on items
identified by a code number, simply
fill in coupon on Reader Service
Card. In those cases where code num-
bers are not given, may we suggest
vou write direct to the manufacturer.

COMPONENTS e TOOLS @ TEST EQUIPMENT e HI-FI @ AUDIO @ CB ® HAM e COMMUNICATIONS

FIELD SERVICE SCOPE
The new LBO-31M oscilloscope has been de-
signed for field use as well as for multichannel
monitoring applications. Its narrow 4" chassis
allows many scopes to be placed side by side for

coes

&M vmmw o 5

maximum density while its 1-MHz bandwidth
makes it suitable for applications in the video
region.

Vertical axis sensitivity is 80 mV p-p/cm at 1
kHz and response is —3 dB, 3 Hz to 1 MHz.
Horizontal axis sensitivity is 2.5 V p-p/cm with
response —3 dB, 3 Hz to 400 kHz. Sweep fre-
quency is 10 to 100,000 Hz. The scope operates
from 105-125 volts, 50/60 Hz. It measures 7"
h. x 47 w. v 12” d. and weighs 11 pounds.
Leader

Circle No. 1 on Reader Service Card

5-CHANNEL R/C SYSTEM

A new R/C system for control of model
planes, boats, and cars has been introduced as
the GD-19. The complete system includes trans-
mitter, receiver, four servos, and rechargeable
battery packs for both transmitter and receiver.

The transmitter features Kraft control sticks
with thumb lever coarse adjustment plus trim
controls that do not change stick centering, and
can be ordered on five different frequencies in
each of the three different bands: 27, 53, or 72
MHz. There is a locking “on-off” switch to pre-
vent accidental turn-on.

The receiver weighs just 2.3 ounces and
measures only 25/32" h. x 2” w. x 27/32" d. It
features three ceramic flters in the if. for high
selectivity and extra reliability.

Purchase of the complete system brings with it
a soldering iron to be used in tle construction.
Details on the system or the various individual
components will be forwarded on request. Heath

Circle No. 2 on Reader Service Card

AM-FM STEREO TUNER
The TX-900 AM-FM sterco tuner is all solid-
state and features three FET's and two r.f. am-
plifier stages in the front end. Signal-to-noise

94

ratio is approximately 60 dB at 30% modulation.
For inadequate signal inputs, a special noise filter
can be used to eliminate unwanted multiplex
broadcast noise.

A time-switching demodulator is used in the
multiplex circuit while additional selectivity is
provided in the i.f. secton through the use of
two crystal filters. Four integrated circuits are
employed in this section.

The tuner features dual tuning meters for
accurate tuning and a large multi-color illumi-
nated dial for easy tuning. It has a brushed
chrome panel and end pieces of Brazilian rose-
wood. Pioneer

Circle No. 3 on Reader Service Card

COMMERCIAL SOUND SPEAKER

The Model FX-52 super-low-resonance com-
mercial speaker is designed for virtually invisible
ceiling installation. Grille screens as small as 6
inches in diameter can be used, for distributed
sound systems, where extremely small baffles are
desired. The unit features a removable universal
bracket, to permit end transformer mounting for
shallow spaces or back transformer mounting for
deep spaces of small diameter. The speaker is
completely weatherproof.

The Model FX-52 has an 8-ohm voice coil but
is also available with optional pre-integrated
constant-voltage transformers for 70-V or 25-V
line circuits. Jensen

Circle No. 4 on Reader Service Card

4-BAND BC/SW RECEIVER
An inexpensive all-transistorized table-model
broadcast and short-wave radio receiver has just
been introduced as the Model S-120A. Accord-

ing to the company, short-wave reception is
boosted up to 200% over conventional sets, in-
cluding both c.w. and SSB, because of special ad-
vanced circuitry and the b.f.o. incorporated.

The receiver is designed to operate from 117-V
a.c.,, 50/60 Hz. It is housed in a communica-
tions-type steel cabinet with full front-panel con-
trols and a large, easy-to-read multi-color-coded
dial scale marked with countries broadcasting on
short-wave. The receiver measures 12" wide x
5V5" high x 5” deep.

Frequency coverage is 0.54-31 MHz in four
bands: standard AM broadcast (550-1600 kHz);
SW #1 (weather, marine. and ham, 2.0-5.0
MHz); SW 2 (4.8-11.5 MHz); and SW #3
(11.0-30.0 MHz). Hallicrafters

Circle No. 5 on Reader Service Card

BOOSTER AMP FOR P.A.

The new solid-state booster amplifier, Model
NTB250. is designed to provide both high power
and high reliability in public-address systems
requiring continuous coverage of large areas such
as airports, stadia, and large industrial plants.

The unit can deliver up to 350 watts of output

WWW americanradiohistorvy com

power for continuous duty at less than 5% har-
monic distortion, between 50 and 12,000 Hz, at
ambient temperatures to +70° C (158° F).
For higher output power, it is possible to paral-
lel several of the boosters.

A special feature of the amplifier is a 120-volt
a.c. power output which, when coupled with a
variable-frequency signal generator, provides a
source of variable frequency power for industrial
applications such as shake tables and motors.

The NTB250 has a patented short and over-
load protection circuit which operates automati-
cally. The amplifier normally operates from a
120-V a.c. source but may also be operated from
a 24-volt d.c. power supply. Both high- and low-
impedance inputs are provided. Qutput terminals
include 8 ohms, 25 volts, and 70 volts, balanced
or unbalanced. Bogen

Circle No. 6 on Reader Service Card

HIGH-VOLTAGE PROBE

The new HVP-5 high-voltage probe con-
tains a built-in voltmeter that eliminates the
need for any additional equipment. Voltages up
to 30 kV can be measured. Barrier sections are
provided to isolate the high-voltage tip from the
handle and meter sections.

Its lightweight and compact construction
makes it suitable for TV technicians and engi-
neers who must measure high-voltage circuits
frequently. Eico

Circle No. 7 on Reader Service Card

DIGITAL MULTIMETER

The Type 340 digital multimeter reads a.c.
and d.c. voltages, a.c. and d.c. current, and re-
sistance. A unique input-amplifier technique
eliminates circuit loading at all times. According
to the company, the constant high input impe-
dance of the unit does not disturb the circuit be-
ing measured at any time.

The configuration stations the instrument in a
secure, horizontal position at an ideal workable
angle. It never needs tilting or propping for bet-
ter visibility. All controls are by key command.
The 3-pound instrument is completely self-con-
tained with no plug-ins or other extras to buy.

ELECTRONICS WORLD
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Only one probe (supplied) is necessary for all

measurement functions. The instrument mea-

sures 6” wide x 9” long x 5'2” high, including

the integral handle. The readout display consists

of three “Nixie” type plug-in tubes. Digilin
Circle No. 8 on Reader Service Card

DIRECT-READING OSCILLOGRAPH

Dixson Instruments, Box 1449, Grand Junc-
tion, Colorado 81501 has just introduced a com-
pact 6-channel direct-reading oscillograph as the
Visigraph Series 100.

The unit records on photosensitive paper
434" wide at a writing speed in excess of 40.000
in/s. Eight paper speeds, from 0.02 to 48 in/s,
are provided. The instrument’s magazine will
accommodate up to 150 feet of standard-base
paper or 295 feet of thin-base paper.

Standard features on the Series 100 include
individual input connectors, 100-W Hg vapor

lamp with independent power supply, event
marker, and paper supply indicator.

A data sheet on this new oscillograph will be
forwarded upon letterhead request direct to the
company.

SOUND-LEVEL METER

B & K Instruments, Inc., 5111 West 164th
Strect, Cleveland, Ohio 44142 is now offering
the Model 2204 impulse precision sound-level
meter which meets the proposed international
standard for measuring impulsive sounds as
short as 200 microseconds. A *“hold” circuit
freezes maximum meter deflection after the noise
burst has passed.

The instrument has “A,” “B,” “C,” and the
new “D” weighing networks for precise sound-
level measurements. Interchangeable meter scales
and linear response permit use of any of the
firm’s accelerators for direct reading of vibration
levels.

The meter is suitable for all noise investiga-
tions, even when impulse transient noise is pre-
dominant; vibration measurements; audiometer
calibration; and acoustic measurements over a
frequency range from 2 to 70,000 Hz.

The Model 2204 comes with a l-inch micro-
phone, flexible extension cable, windscreen, ran-
dom incidence corrector, and adapters for micro-
phones and accelerometers.

For more information on this instrument,
write on your business letterhead direct to the
company.

RANDOM-NOISE GENERATOR
Quan-Tech Laboratories, Inc. of 43 South Jef-
ferson Road, Whippany, New Jersey 07981 is
now marketing the Model 421 random-noise
generator which is designed to meet the need for
an accurately calibrated noise source flat from 10
kHz to 12.5 MHz. With its companion lower

October, 1969
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If you enjoy working with your hands as well as
your mind, you can succeed in Electronics with
I.T.l. practical home study Training. Your in-
structor works closely with you. Unlimited Con-
sultation Service. Easy I.T.l. Work Sheets make
learning fast and easy. Depend on more than 40
years’ experience. Find out free and without
obligation what ELECTRONICS can do for you.

MAIL COUPON FOR ELECTRONICS MONEY MAKING FACTS

Build and keep vital
electronics test equip
ment from big kits we
supply. All yours to

use and keLp'
! »

1B
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Industrial Controls Maintenance
* Your Own Electronics Service
Shop * Closed Circwit 1.V, In-
stallotion Service <+ Elechonic
Computer Maintenance * Com-
munications * Aerospace Work *
. Automation Electronics Installa-
tion .. .and hundreds more
we'll tell yov about!

| [ Industrial Training Institute, Dept. 65187 1
! 815 Rosecrans, Los Angeles, Calif. 90059 H
FREE! mail - ! Rush me big FREE BOOK, “Get Into Big Pay !
Coupon for Big { 1 Electronics.” Show how | can learn Electronics i
Fact Book rd . | at home spare time -
Get big Free fact pack! % 3 [
See how you learn fast Name .
at home; start earning & _lal 1 .
fast! Rush coupon today! = 1 Address :
L.T.1. APPROVED FOR TRAINING : . :
UNDER NEW G.I. BILL 1] P 11 S || S—, |
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| : You couldn't touch an organ like this in a store for less than
1 $4,000—and there never has been an electronic instrument with
this vast variety of genuine pipe-organ voices that you can add
: to and change any time you like! All four families of formal pipe
tones are present in variety to delight players of classic and
) religious music. Yet you can change the entire organ for popular
scnonel‘ and theatrical sounds, or plug in special voices for baroque,
romantic, or modern repertoires. If you've dreamed of the sound
- of a large pipe organ in your own home, if you're looking for an
nec“al organ for your church, you'll be more thrilled and happy with a
Schober Recital Organ than you could possibly imagine — kit or
no kit.
organ You can learn to play it—and a full-size, full-facility instrument
is easier to learn on than any cut-down “home’ model. And you
o can build it, from Schober Kits, world famous for ease of assembly
FRlt 200 without the slightest knowledge of electronics or music, for de-
sign and parts quality from the ground up, and—above ali—for
‘ the highest praise from musicians everywhere.
Send right now for the full-color Schober
catalog, containing specifications of all five
Schober Organ models, beginning at $599.50.
No charge, no obligation. If you like music,
you owe yourself a Schober Organ!
N _—_——mm "
‘ The(%%ﬁéf’ﬂﬂrgan Corp., Dept. RN-70 {
I 43 West 61st Street, New York, N.Y. 10023 |
[0 Please send me Schober Organ Catalog and |
free 7-inch *‘sample” record. |
[J Enclosed please find $1.00 for 12-inch L.P. |
l record of Schober Organ music. |
: NAME :
5 | ADDRESS |
'In'cludes Inut consele. (Only $1361 !
?fn;/zzeguxcai :our own console.) Amplifier, | cITY. STATE ZIP !
speaker system, optional accessories extra. e mm mm mm o o - ———— — —— — ——
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You never

saw a scope like this
for twice $229.

Leader’s five-inch LBO-53B
has a bandwidth running
from DC to 10MHz. (About
twice the bandwidth of any
other scope in the same
price range.)

Its sensitivity rating is
10 mv/cm or better.
(About half-again the
sensitivity of any other
scope in the same price
range.)

It has FET vertical and
horizontal inputs, directly
coupled with push-pull
amplifiers for no-distortion
display. (You won't find
that on any other scope

C-E38 OSCTILLOSRCOPE

for the money.)

It's the perfect test
companion for Leader’s
LCG-388 color bar gener-
ator. The only one that's
perfectly stable, the
instant you turn it on.

The LBO-538B: only
$229, and now you know
what we mean about never
seeing a scope like it for
twice the price.

At your distributor's,
along with the LCG-388
and other Leader test in-
struments. For the distrib-
utor nearest you, just
drop a line or call.

Seeing is believing.

LEADER INSTRUMENTS CORP.
24-20 Jackson Avenue, Long Island City, N. Y. 11101 (212) 729-7411

CIRCLE NO. 123 ON READER SERVICE CARD

the new

Wallll AlE%

The AUS55 by Sansui is an outstanding, professional control ampli-
fier. 60 watts (IHF) of music power, bandwidth from 20 to 30,000 Hz
and a distortion factor of less than 0.5% assure you of clean sound
reproduction. The Sansui AU555 offers almost unlimited versatility
with its pre- and main amplifier sections designed for independent
usage, 2-adjustable speaker damping factors, 4-position speaker
selector switch, 4-outputs and 7-inputs, and much, much more . . .

At your franchised Sansui dealer.

$159.95.

arnisuire

SANSVUI ELECTRONICS CORP. Woodside, New York, 11377 » Los Angeles, California. 90007
SANSUI Electric Co., Ltd., Tokyo, Japan * European Office Frankfurt a.M., West Germany

CIRCLE NO. 108 ON READER SERVICE CARD
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frequency Model 420, stable noise sources are
now available for the frequency range from d.c.
to 20 MHz.

The instrument meets the requirements of the
CCIR recommendations for measurement of the
performance of multiplex radio-relay telephony
systems. A technical data sheet is available to
those requesting it on their business letterheads.

TWO-WAY PORTABLE

A new, lightweight “Handie-Talkie” FM
two-way portable radio is now available with 5
watts r.f. power output. It joins the 1.8-watt unit
announced by the company in January.

HT-220 units with capabilities for private line,
selective call, remote speaker microphones, and
multiple frequency (up to six frequencies) as
well as universal and surveillance models are
now available. Two of the company’s mono-
lithic IC’s are used in the unit to provide up to
50% size reduction over the previous HT-200.

The standard 1.8-watt version measures 6.95”
long x 2.75" wide x 1.16" thick and weighs
21 ounces. The new S5-watt model is the same
height and width but is 1.69” thick and weighs
28.5 ounces. All models in the line are available
in the 150.8-170 MHz range. Motorola Com-
munications.

Circle No. 9 on Reader Service Card

COMPACT MUSIC SYSTEM
The new Model 135 compact music system in-
cludes an AM-FM stereo receiver, a deluxe Gar-
rard automatic turntable with Pickering cartridge
and diamond stylus, and two of the company’s

XP-60B speaker systems. Each speaker uses a
10” woofer to extend bass response down to 35
Hz. while a 3" tweeter takes over the frequencies
from 1000 to 20,000 Hz.

The unit incorporates a number of compo-
nent-type features including 2-uV FM tuner
sensitivity, two FET's. two IC's, and a time-
division multiplex circuit. Fisher

Circle No. 10 on Reader Service Card

FM-STEREO RECEIVER

The Model 342C FM stereo receiver features
45 W/ch dynamic power at 4 ohms and 33
W/ch continuous power at 0.8% distortion. At
8 ohms power is 25 W /ch. Response is 14-25,-
000 Hz =1 dB while the FM usable sensitivity
is 1.9 V.

This compact unit includes tape monitoring
facilitics, automatic stcreo switching, and a light
that goes out when a station is perfectly tuned
in. A companion unit with AM circuitry as well
as FM is available as the Model 382-C. H. H.
Scott

Circle No. 11 on Reader Service Card

23-CHANNEL TRANSCEIVER
The Model 14-523 S-watt, 23-channel CB
transceiver is now available for distribution. All
23 channels may be worked (synthesized). The
double-superhet receiver has a mechanical filter.
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An “S” meter and r.f. meter are installed on the
rubber safety front panel and the transceiver
comes complete with mounting hardware and
press-to-talk ceramic microphone. The unit can
be used as a p.a. amplifier with an external
speaker.

The mobile unit can be used as a portable by
adding the “Portapack” or as a base station with
the Model 14-510 solid-state a.c. power supply.
Claricon

Circle No. 12 on Reader Service Card

CARTRIDGE PLAYER/RECEIVER
A complete home music center featuring a
solid-state AM-FM sterco receiver and an 8-track
sterco cartridge player has been introduced as

the Model 3800-SX. The system is housed in a
walnut wood cabinet which has room for a rec-
ord player 10 be mounted. Matching speakers are
designed to be plugged into the control center.
Atlas-Rand

Circie No. 13 on Reader Service Card

MANUFACTURERS' LITERATURE

JAPAN ELECTRONICS DIRECTORY

The Japan Light Machinery Information Cen-
ter, 437 Fifth Avenue, New York, New York
10016 has announced publication of a 16-page
directory of “United States Offices of Japanese
Electronics Manufacturers.”

The booklet was published to help American
companics locate sources for clectronics products
and parts. Among the companics listed arc manu-
facturers of consumer electronics products, hi-fi
sets and components, auto radios and tape play-
ers, communications systems, electronic compu-
ters, measuring and indicating equipment, radar
equipment, automatic control systems, bio-physi-
ological electronic systems, transformers, relays,
coils, capacitors, and other electronic devices and
components.

Copics of the directory arc obtainable by send-
ing a self-addressed, stamped (6 cents) 310
envelope for each copy desired. Requests should
be addressed to Electronic Manufacturers’ Direc-
tory at the above address.

"RECORDING BASICS”’

A 24-page booklet, designed to help improve
sound quality of home tape recordings, is now
available as “Recording Basics.”

The free illustrated booklet offers tips on se-
lecting magnetic tapes, recording techniques, and
recording procedures in non-technical terms. Tt
also defines various types of tape recorders and
illustrates the proper techniques for editing and
splicing magnetic tapes as well as maintenance
tips for recorders. 3M

Circle No. 14 on Reader Service Card

CONDENSED SWITCH CATALOGUE

Cherry Electrical Products Corporation, 1650
Old Deerfield Road, Highland Park, Illinois
60035 has issued a handy “Design Enginecr’s
Precision Switch Selector Guide,” accordion-
folded to pocket size.

In the 12 pages are photographs, cutaway il-
lustrations, bricf descriptions, and specifications
for 75 different switches.

Included are 67 coil-spring snap-action
switches consisting of subminiatures and minia-
tures, general-purpose, low-torque, light-force,

(Continued on puge 102)
October, 1969
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Precision
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Line

Precision has led the
fteld in quality and de-
pendability for 25 years.

test value in souno
for every PA application

o Most trouble-free line in the industry, Precision
offers a complete range of amplifiers in every
power range including mobile, and a complete line of accessories.
From the smallest office to large auditorium or industrial installations,
Precision gives maximum flexibility and performance.
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Eze-y BSR-McDonald automatic furntable is

precision made. in Great Britain fo the
wost exacting specifications. Upon their

a-risal in the U.S., every model is unpacked

axd re-tested under actual playing .

5 (=
CIRCLE NO. 132 ON READER SERVICE CARD

conditions. That's why BSR servize calls are

the lowest in the industry—and perhaps
that also explains why BSR sells more
turrtables than anyone else in tire world.

|| reasons

i

BSR (USA) LTD.
BLAUVELT, N.Y. 10913
Please send FREE detailed literature
l on all BSR McDonald automatic turntables. \

Address

\

fame l
I

!

City
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Ki It“IEC‘iNZS $7995*

Standard 9 x 9 Display (JR Exclusive Heath “3 x 3" Display

B[E8]

Shadling Bars

3x3 Color Bars

Dot Pattern 3x3 Dot

Vertical Bars 3x3 Morizontal

NEW
Kit IP-28

$4750*

NEW
Kit 1D-29

$2995*

NEW
Kit GR-78

$12995""

NEW
. } Kit GD-209A

| 1499

98

8 Exciting New Kits

NEW Heathkit Color Bar-Dot Generator ... Advanced
Integrated Circuitry Produces 12 Patterns Plus Clear
Raster, Eliminates Divider Chain Instability Forever

The new IG-28 is the signal source for all color and B&W TV servicing. No
other instrument at any price will give as much stable, versatile TV servicing
capability. Its solid-state circuitry produces dots, cross hatch, vertical and
horizontal bars, color bars, and shading bars in the familiar 9x9 display . ..
plus exclusive Heath 3x3 display of all these patterns . . . plus a clear raster that
lets you adjust purity without upsetting AGC adjustment. Fifteen J-K Flip-
Flops and associated gates count down from a crystal controlled oscillator,
climinating divider chain instability and adjustments. And for time-saving con-
venience the 1G-28 has variable front panel tuning for channels 2 through 6.
Plus & minus going video signals at the turn of a front panel control . .. for
syn¢, in-circuit video or chroma problems, use the front pancl sync output.
Two front pancl AC outlets for test gear, TV set, etc. Built-in gun shorting cir-
cuits and grid jacks too. Add any service-type scope with horizontal input and
you have vectorscope display capability as well. Fast, enjoyable circuit board-
wiring harness construction. You can’t beat the Heathkit 1G-28 for versatility
or value ... put it on your bench now. 8 Ibs.

NEW Heathkit 1-30 VDC Solid-State Regulated Power Supply

The new modestly priced IP-28 is an excellent power supply for anyone working
with transistors. Compact Heathkit instrument styling with large, easy-to-read
meter . . . two voltage ranges — 10 V., 30 V. ... two current ranges — 100 mA,
1 A. External sensing permits regulation of load voltage rather than terminal
voltage. Adjustable current limiting prevents supply overloads and excessive
load current. Convenient standby switch. Fast, casy assembly with one circuit
board and wiring harness. Order yours today! 9 Ibs.

NEW Heathkit Solid-State Auto Tune-Up Meter ...
Measures Dwell, RPM And DC Voltage

The new Heathkit 1D-29 is most versatile . . . really three automotive test instru-
ments in one. Mcasures Dwell on all 4-cycle, 3, 4, 6, or 8 cylinder engines ...
measures RPM in two ranges, 0-1500 and 0-4500 ... measures DC voltage
from 0 to 15 volts. And no batteries are needed . . . running engine provides both
signal and power. Easy to use . . . on both 6 and 12 volt system without changing
leads. Lightweight and casy to carry ... its black polypropylene case has a
built-in lecad storage compartment and is resistant to virtually everything. Fast,
simple assembly ... only about 5 hours. The perfect accessory for the handy-
man, emergency road service personnel or shop mechanics ... order your
I1D-29 now. 4 1bs.

NEW Heathkit GR-78 Solid-State General Coverage Receiver. ..
Tunes 190 kHz To 30 MHz In Six Bands

The new GR-78 combines wide coverage, superior performance and portability
with sharp styling to provide a remarkable value in general coverage receivers.
Tunes AM, CW & SSB signals from 190 kHz to 30 MHz in six switch-selected
bands. The all solid-state circuit employs modern FET's in the RF section and
4 ceramic filters in the IF to deliver maximum sensitivity and sharp selectivity.
Bandspread Tuning is built-in, and can be calibrated for cither Shortwave
Broadcast or Amateur Bands. Completely portable . . . comes with a nickel-
cadmium rechargeable battery pack and built-in charger that opcerates from
120 or 240 VAC and 12 VDC, Many built-in features ... 500 kHz crystal cali-
brator . .. switchable Automatic Noisc Limiter . . . switchable Automatic Vol-
unme Control . . . Receiver Muting . . . Headphone Jack and many more.
Order yours today. 14 lbs.

NEW Heathkit Deluxe Radio-Controlled Screw-Drive
Garage Door Opener Semi-Kit

The next best thing to a personal doorman. The “wireless™ factory assembled
transmitter operates up to 150 feet away. Just push the button and your garage
door opens and the light turns on . . . and stays on until you're safely inside your
home. The giant 7 ft. screw mechanism coupled with the Y4 HP motor mean real
power and reliability and the adjustable spring-tension clutch automatically re-
verses the door when it meets any obstruction ... extra safety for kids, pets,
bikes, even car tops. Assembles completely without soldering in just one evening.
Easy, fast installation on any 7’ overhead track (and jamb & pivot doors with
accessory adapter). Order yours now. 66 lbs.

Adapter arm for jamb & pivot doors, Model GDA-209-2, $7.95*

ELECTRONICS WORLD
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From The Leader

NEW Heathkit Ultra-Deluxe 681" Color TV With AFT . . . Now There Are 6 Heathkit®
Power Channel Selection & Opt. RCA Hi-Lite Matrix Tube Color TV's To Choose From

The new Heathkit GR-681 is the world’s most advanced Color TV with more
built-in features than any other sct on the market. Automatic Fine Tuning on all

83 channels ... power push button VHF channel selection, built-in cable-type 2 Models In 295 Sq. Inch Size NEW
remote control ... or you can add thc optional GRA-681-6 Wireless Remote " Kit GR-681
Control any time . .. plus the built-in self-servicing aids that are standard on all oSS . VIVilh AFT

Heathkit color TV’s. Other features include high & low AC taps to insure that the
picturce transmitted cxactly fits the 681" screen, automatic degaussing, 2-speed
transistor UHF tuner, hi-fi sound output, two VHF antenna inputs, top quality
American brand color tube with 2-year warranty. With optional ncw RCA Matrix
picture tube that doubles the brightness, Model GR-681MX only $535.00.

5499%5"

(less cabinet)

GRA-295-4, Mediterranean Cabinet shown. . ................ $124.95°
Heathkit “295” Color TV
With Optional RCA Matrix Tube ... with the same high performance features

and built-in servicing facilitics as GR-681 above . .. less AFT, VHF power tuning
and built-in cable-type remote control. You can add the optional GRA-295-6
Wireless Remote Control at any time. New optional RCA Matrix tube doubles
the brightness, Model GR-295MX, $485.00. $ 95*
GRA-295-1, Contemporary Walnut Cabinet shown............$64.95" 449

Both the GR-681 and GR-295 fit into the same Heath factory assembled
cabinets; not shown Early American style at $109.95°

NEW Deluxe Heathkit “581" Color TV With AFT .
The new Heathkit GR-381 will add a new dimension to vour TV viewing. Brings 2 Models In 227 sq lnCh SIZe
you color pictures so beautiful, so natural, so real . . . puts professional motion
picture quality right into vour living room. Has the same high performance
features and exclusive sclf-servicing tacilities as the GR-681, except with 227
sq. inch vicwing area, and without power VHF tuning or built-in cable-type
remote control. The optional GRA-227-6 Wireless Remote Control can be
added any time you wish. And like all Heathkit Color TV’s you have a choice
of different installations .. . mount it in a wall, your own custom cabinct, your
favorite B&W TV cabinet, or any onc of the Heath [uctory assembled cabinets.

GRA-227-2, Mediterranean Qak Cabinet shown. . ... ........$109.95°
Heathkit “227" Color TV

Samce as the GR-381 above, but without Automatic Fine Tuning ... same
superlative performance, same remarkable color picture quality, same built-in
servicing aids. Like all Heathkit Color TV's you can add optional Wircless
Remote Control at any time (GRA-227-6). And the new Table Model TV
Cabinct and roll around Cart is an ecconomical way to house vour 227" ...

Kit GR-295

(less cabinet)

NEW
Kit GR-581
with AFT

41995

(less cabinet)

Kit GR-227

just roll it anywhere, its rich appearance will enhance any room decor. hOW ONLY
GRS-227-5, New Cart and Cabinet combo shown.............$54.95° $379 95*
Both the GR-581 and GR-227 fit into the same Heath factory assembled

cabinets; not shown, Contemporary cabinet $64.95° {less cabinet

NEW Heathkit Deluxe “481" Color TV With AFT & cart)

The new Heathkit GR-481 has all the same high performance features and ex-

clusive self-servicing aids as the new GR-581, but with a smaller tube size . .. :D

180 sq. inches. And like all Heathkit Color TV's it's casy to assemble ... no ¢

experience needed. The famous Heathkit Color TV Manual guides you cvery 2 Madels In 130 Sq Inch Size

step of the way with simple to understand instructions, giant fold-out pictorials NEW

.even lets you do vour own servicing for savings of over $200 throughout the Kit GR-48~

life of your sct. If you want a deluxe color TV ata budget price the new Heathkit with AFT

GR-481 is for you. *

GRA-180-1, Contemporary Walnut Cabinet shown. ..........$49.95* 5359 ?5 binet)
less cabinet

Heathkit 180" Color TV

Feature for feature the Heathkit *180™ is your best buy in color TV viewing . . .
has all the superlative performance characteristics of the GR-481, but less Auto-
matic Fine Tuning. For extra savings, extra beauty and convenience, add the
table model cabinet and mobile cart. Get the value-packed GR-180 today.

GRS-180-5, Table Model Cabinet & Cartcombo . ........... ... $42.50°
Both the GR-481 and GR-180 fit the same Heath factory assembled cabi- Kit GR-180
nets; GRA-180-2, Early American Cabinet $94.95*.

Add the Comfort And Convenience Of Full Color Wircless Remote Control et ol LY*
To Any Rectangular Tube Heathkit Color TV .. . New Or Old! $3 2 9 95
Kit GRA-681-6, for Heathkit GR-681 Color TV's.. . ........... $64.95"° . %
Kit GRA-295-6, for Heathkit GR-295 & GR-25 TV's. ... ..., $69.95* [igseicaninefEheaut] g
Kit GRA-227-6, for Heathkit GR-581; GR-481 & GR-180 Reception Is Simulated
COlOTATIVES.: st v a o o o i o o wtom 3w nesvmm ] 8 B 0 0 [ B s o) B ot $69.95" On All Sets Shown
i I DNENC debiwsfiown | I—IEATI—IKIT‘ <
| HEATH COMPANY, Dept.15-67 — |
| Benton Harbor, Michigan 49022 a Schiumberger subsid:ary !
FREE 1970 CATALOG' | O Enclosed is § plus shipping. l
N ith kits, lor. | Please send model (s) -
F&‘;’yzgscwgg u:esse";%:;e,ﬂrh | O Please send FREE Heathkit Catalog. O Piease send Credit Application. l
over 300 kits for stereo/hi-fi, l
calor TV, electronic organs, elec- | Name - l
tric guitar & amplifier, amateur | |
radio, marine, educational, CB, Address e
home & habby. Mail coupan or | Ci : l
write Heath Company, Benton | ity_ . State Zip - i
Harbor, Michigan 49022. *Mail order prices; F.0.B. factory. Prices & specifications subject to change without notice. CL-365R "
CIRCLE NO. 131 ON READER SERVICE CARD
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Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Speak.-
ers, Changers, Tubes, Tools, Stereo Amps,
Tuners, CB, Hi-Fi's, and thousands of other
Electronic Values. Credit plan ovailable.

NAME__

ADDRESS ;

CITY STATE
GIVE ZIP CODE. -

If you have a friend interested in electromcs
send his name and address for a FREE sub
scription also,

0LSON ELECTRONICS

482 S.Forge Street, Akron, Ohio 44308

ENJOY THE “MUSIC ONLY” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED'S DETECTOR
NO COMMERCIALS—NO INTERRUPTIONS

aly

It's easy! Just plug Music Associated’s Sub
Carrier Detector into multiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of con
tinuous commercial-free music you are now
missing. The Detector, self-powered and with
electronic mute for quieting between selections,
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner,
Size: 5% ” x 9”. Shipping weight approx. 7 ibs

KIT $4950

{with pre-tuned coils, no alignment necessary!}

wirep $7 500

COVER $4.95 EXTRA
List of FM Broadcast Stations with SCA

“MUSIC ASSOCIATED”

65 Glenwood Rood, Upper Montclair, N.J. 07043
Phone: {2011.744.3387

high-capacity, stacks, momentary and maintained
contact, open and enclosed, single- and double-
pole, with lever and roller actuators. Also illus-
trated are four diffcrent types of gold “cross-
point™ contact switches for low-energy circuits
| and two new leverwheel and thumbwheel rotary
switches.

A request on your letterhead. addressed to
Frank Amendola at the company, will bring a
copy of this catalogue.

VARIABLE INDUCTORS

An engineering handbook available from San-
gamo Electric Company, P.O. Box 359, Spring-
field, Illinois 62705, describes the company’s new
Type NV-4 communications-grade variable in-
ductors. These components are designed for
printed-circuit board mounting and have a rec-
ommended frequency range of 300 to 50,000 Hz.

The 16-page handbook cortains listings giv-
ing nominal inductance values, tuning ranges,
and d.c. resistances for the several hundred
| standard versions of the NV-4, Physical charac-
teristics are described and several pages of tech-
L nical information is provided.

When you make your request on your com-
pany letterhead. please specify Bulletin 5104.

‘ REPLACEMENT CAPACITORS
| A 12-page booklet which lists an extensive
line of capacitors which meet virtually every ser-
| vice need for a replacement is now available.

Entitled “The Replacers,” the guide lists twist-
prong electrolytics, tubular electrolytics, minia-
ture electrolytics, dipped-paper Mylar, ceramic
discs, dipped mica. wax-filled capacitors, and
capacitor assortments. The material is presented
in easy-to-use tabular form for ready reference.
Cornell-Dubilier

Circle No. 15 on Reader Service Card

TEST-EQUIPMENT CATALOGUE

An 8-page catalogue giving complete specifi-
cations on the firm's line of test equipment is
| now available. Included are vectorscopes, color-
bar generators, oscilloscopes, picture-tube analy-
zers, in-circuit transistor analyzer, transistor TV
sweep-circuit analyzer, CB analyzer and fre-
quency meter, power supplies, and accessories.
Lectrotech

Circle No. 16 on Reader Service Card

HAND TCOLS & SETS
| A four-page, full-color catalogue 166 supple-
ment has just been issued containing complete
descriptions and specifications on all professional
hand tools and sets added to the line since publi-
cation of the latest general catalogue.

A large number of nonmagnetic, nonsparking,
rust- and corrosion-resistant, beryllium-copper
tools are shown along with nutdrivers, Phillips-
type screwdrivers, metric handtools and sets, and
convertible screwdriver sets. Xcelite

Circle No. 17 on Reader Service Card

HAND TOOLS FOR INDUSTRY

A 24-page catalogue (SR-76) offers an exten-
sive line of hand tools for industry, production
and assembly line, maintenance. service, or home
workshop use. The catalogue is reproduced in
two colors with all product illustrations shown in
“woodcut line™ technique to permit distributors
to pick up the artwork for use in the own cata-

| logues.

Contents include hundreds of sizes and styles
of screwdrivers, nutdrivers, ratchet tools, pliers,
wrenches. electrical testers, steel tapes, as well as
snap rings, snap-ring pliers, blind rivets, and
carded tools. Vaco

Circle No. 18 on Reader Service Card

NEW SWITCH BULLETIN

Grayhill Inc., P.O. Box 373, LeGrange, Illinois
60525 has just issued a 20-page bulletin ($-305)
which lists the newest switches in its line.

Included are minjature rotary switches for
printed-circuit applications, taper tamper-proof
key lock versions. isolated positions and spring-
return styles, miniature push-button switches for

www.americanradiohistorv.com

printed-circuit mounting. lighted push-button
switches, and bi-pin lamp sockets. Complete
technical data and specifications are provided on
each item.

For a copy of this supplement, write the firm
direct on your business letterhead.

CRYSTAL BULLETIN
K-W Industries, Inc., P.O. Box 508, Prague.
Oklahoma 74864 has issued a crystal bulletin
which contains a list of quartz crystals in the
range from 50 kHz to 200 MHz. Complete di-
mensional data and ordering information for
standard and custom units are included along
with the completely revised chart listing specif-
cations on all military-type crystals.
Those desiring a copy of this bulletin should
write on their business letterhcads direct to the
company at the above address.

LASER APPLICATIONS

A 16-page illustrated brochure on laser appli-
cations is now available from Laser Nucleonics,
Inc., 123 Moody Street, Waltham. Mass. 02154,

There are more than 30 pictures illustrating
the various applications of laser technology in
action. Single-shot laser etching of circuits, pat-
terns, welds. etc. is described while a complete
section is devoted to resistor trimming.

In hole drilling, the illustrations show the state
of the art while welding portion covers special
feasibility studies done for an auto maker.

Copies of the brochure will be supplied only
on letterhead request.

DISCRETE-DEVICE CATALOGUE

A complete listing of the company’s discrete
devices is included in a new 64-page, 1969 con-
densed catalogue just issued.

The catalogue presents key parameters and
package outline dimensions, along with a nu-
merical index that quickly locates the device of
interest. The listings are grouped by applications
for the user’s convenience. They include diodes,
small-signal transistors, dual transistors, field-
effect transistors, power transistors, communica-
tion devices, SCR’s specialty diode products, and
clectro-optical devices.

The catalogne will be forwarded on letter-
head request direct to Fairchild Semiconductor,
313 Fairchild Drive, Mountain View, California
94040.

CASSETTE TAPE DATA

A colorful 8-page technical manual providing
complete performance specifications on SD cas-
sette tape is now available for distribution.

In addition to listing the unique features of
these new cassettes, the manual includes hyster-
esis loops, comparison charts, electro-magnetic
characteristics, dimensions, and performance
data.

Information on using and storing the cassettes
is also inciuded. TDK Electronics

Circle No. 19 on Reader Service Card

FPHOTO CREDITS

Credit

...Dynaco, Inc.

52, 53, 54 (top) ........ Amphenol Industrial Div.

. AMP, Inc.
60 L Sanders Associates
T8 s B&K
80 (top) ..coovveeeee Leader Electronics Corp.
80 (bottom) ....ec.oooveviieiiiiin, Hewlett-Packard
BO s Shure Brothers, Inc.
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ELECTRONICS

MARKET PLACE

COMHERCIAL RATE: For firms or individuals offering commercial products or services. 85¢ per word (including name and address) Minimum order

$8.5
for 12 months paid in advance.

Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount:

5% for 6 months; 10%

READER RATE: For individuals with a personal item to buy or sell. 50¢ per word (including name and address). No minimum! Payment must accom-

pany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word.
All copy subject to publisher's approval. Closing Date: 1st of the 2nd preceding month (for example, March issue closes January 1st). Send order and

remittance to: Hal Cymes, ELECTRONICS WORLD,

One Park Avenue, New York. New York 10016.

FOR SALE

JUST startmg in TV service? Write for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 4040
North Nashville Avenue, Chicago, 1il. 60634.

GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 01908.

METERS Surplus, new, used, panel or port-
able. Send for list. Hanchett, Box 5577, River-
side, Calif. 92507.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans, $2.00. Relco-A22, Box 10563, Houston,
Texas 77018.

INVESTIGATORS LATEST ELECTRONIC AIDS.
FREE LITERATURE. CLIFTON, 11500-J NW 7th
AVE., MIAMI, FLORIDA 33168.

UNINTER-

MUSIC LOVERS, CONTINUOUS,

RUPTED BACKGROUND MUSIC FROM YOUR
FM RADIO, USING NEW INEXPENSIVE ADAPT-
ER. FREE LITERATURE, ELECTRONICS, 11500-Z
NW 7th AVE., MIAMI, FLORIDA 33168.

ADVER‘I’ISING SHORTHAND IN THIS AD:

As is, as recelved from a large prime. C: Over-
lnuled new parts & tubes as needed. thea calibrated

a Secondary Standards Lab: with dated sticker.

HI- SENSI‘I’IVl‘I’Y UHF RECEIVER:
375-1000 MH previous owner had nu[ loxl the
attenuator (illlhl |llu|\ charts, It would be a 52.00 |
Stoddart NM50A RFI Meter! But he
as a simple revr /pwr \pl\'
lllllpol(\ & Imok 30

-8

Ba 'i v I
tun(‘(l \oltmeter Is. 10 uv Grm exc cond

ULTRA- WIDE BAND RECEIVER:
38-1000 MH! 5: Late postwar
Countermeisurs S-Meter:
Atten, &
ter): Ak,
120 v 60 H7

A&I’F]¥
lkls‘uh"hll l() 2 or 2 MHz from 30 MHz cen-

IE H as variable
deo & Pan. outputs. New, modified for
lnclurle~ new (Vle!lmd ll pmk) 4-band
lugin converter . GH: Type: plugs auto-
1~. bands 1re) :v\llched

"275.00

P
matically select LOI"I‘E L ant.

.-,
[
.z
i"

NEW.' with book & mating pwr-input plug,

. Square. % c. 0
k 650A Oscil.: 10Hz lo lO MHz. Sine, VTVM
& ste J) dll(‘lludlﬂl‘ In OULPUL. €.v v aenn 29
Impedance Gen. Radio 1603A; universal %p
pllcation "0 to 000 Hz, 1% accurate. . 195

Q Meter 20 to 25 000 Hz: Freed 1030A l 0
value Ior only.

Band-Pass_Filters: 2
's. %1196 value. 4C.l(u'
20,000 Hz. .C. .

03 Fo05330

=3
200 to

A FEW VTVM's FROM OUR LIS'I’ (All C):

H : to 2 MHz, Onl 300v FS

e but to 4

. rack mu: mulnr scale .

. rack, linear db scale. .

DC. AC. RF Wlth &robe
R

|

|

B aceuracy o
Rack. prouslon DL
self-calily,
venk-t
OA: L'I(est TRUE R'VIS meter
ac/dc .

11 RF
412AR
el-Kjaar 2409:
allant §OSAR Rack.

: ('hnllm-r-.

Mi /RF w/prohe se. v. .

ror Motel (dllhrl(lnl.' Pv.r \plleu & le(erentlal olt-
meters, ask for Cat. 28 sheets. For Precision D Arson
val & D\ll'\ll’l(‘llncl(‘l Mceters. ask for 18d shee |

FAIRCHILO SOLID-STATE SCOPES all w/dual-trace
plugins "'5 & 50 me, w/delayed time-base plugins,
3 /recent  NBS-traceable calib.
100 9% zrld Tow as .......

See our AUGUST ad Page 83 for some DIGITAL
COUNTERS and some SIGNAL GENERAYORS

WE PROBABLV HAVE THE BEST INVENYORV OoF
00D AB EST EQUIPMENT IN THE cou

BUT PLEASE DO NOT ASK FOR CATALOG! ASK FOR

SPECIFIC ITEMS OR KINDS OF ITEMS YOU NEED'
WE ALSO BUY! WHAT DO YOU HAVE?

R. E. GOODHEART CO. INC.

Box 1120-A, Beverly Hils, Calif. 20213

Phonmas: Arid 213, ofice 2TZ-270T, messages 2755343

QOctober, 1969

FREE ELECTRONICS PARTS FLYER. Large cata-
log $1.00 deposit. BIGELOW ELECTRONICS,
BLUFFTON, OHIO 45817.

TREASURE HUNTERS! Prospectors! Relco's new
instruments detect buried gold, silver, coins.
Kits, assembled models, Transistorized. Weighs
3 pounds. $19.95 up. Free catalog. Relco-A22,
Box 10839, Houston, Texas 77018.

WHOLESALE components: Manufacturers and
distributaers only. Request free catalog on busi-
ness letterhead. WESCOM, Box 2536, El Cajon,

California 92021.

EUROPEAN wholesale new products catalog.
$1.00 refundable. Deecow, 10639 Riverside,
North Hollywood, Calif. 91602.

JAPAN & HONG KONG DIRECTORY. Electronics,
all merchandise. World trade information. $1.00
today. Ippano Kaisha Ltd., Box 6266, Spokane,
Washington 99207.

RECTIFIERS, transistors, other components.
Free Catalog. Lowest Prices. Electronic Com-
ponents Co., Box 2902E, Baton Rouge, La.
70821.

FREE Catalog low priced, high performance sub-
miniature listening devices direct from manufac-
turer. Dealers welcome. Emery W 10, 156 Fifth
Avenue, New York, N.Y. 10010.
ULTRA-SENSITIVE AND POWERFUL METAL
DETECTORS —join the many who are finding
buried coins, minerals, relics and artifacts. Don't l

buy till you see our FREE catalog of new models.

Write Jetco, Box 132-EW, Huntsville, Texas

| 77340.

REPAIR YOUR OWN T.V. TUNERS—Color—Tran-
sistor—VHF—UHF. Earn to $1,700 monthiy. No
customer headaches. Simple, complete course.

First of its kind. Copyrighted. Years in prepara-
tion. Six sections, 33 chapters. All field-tested.

Jigs, fixtures, adapters, '‘setting-up.” Special'
probes. Quick-checks. How alter and use test
sets. Repairs without equipment. Unique power |
supplies. Fast-fix luxuries. Equipment you can

build. Professional! tricks. lllustrated schemat- 1
ics, pictures, drawings, sketches. Plans for all |
items. Troubleshooting. Alignment. All tests and |
adjustments. Common mistakes. How and where |
to buy parts. Specific repairs common problems. !
Index of all tuners. Much, much more. Pro-
grammed teaching. Major course: Details, Intro- |
duction, plus two sample lessons $1. Optional

condensed courses (Complete in themselves): |
VHF $9.50, UHF $4.50, Transistor Tuners $4.50.

TV TUNER SERVICE, Frank Bocek, Box 3236W,

Redding. Calif. 96001. |

NEW heavy duty "CD i ignition system Details
free. Kit, $28.95; assembled, $39.95. Delta Inter- |
national, Ltd., Box 19462, Grand Junction. Colo.
81501. Dealers invited. |
ELECTRONIC ignition, various types. Free litera-
ture. Anderson Engineering, Epsom N.H. 03239

PSYCHEDELIC strobes 200 flashes per~m|n
$14.95, guaranteed. Zipcom, 5620 W. 12, L.R,
Arkansas 72204.

SENCORE TEST EQUIPMENT UNBELIEVABLE
PRICES. FREE CATALOG AND PRICE SHEET.
FORDHAM RADIO, 265 EAST 149TH STREET,
BRONX, N.Y. 10451.

FM Background Music!
connects to any FM radio tuner. Brings in hid-
den commercial-free programs. Performance
guaranteed. $29 postpaid. K-Lab, Dept. Z, Boxl
572, S. Norwalk, Conn. 06856.

SELF-SERVICE tube tester panels, Reliable Efec- ]
tronics $5.00, Mercury $10.00, Eveready battery
tester $2.00. Write for information and color,
picture. John Kirby, 3606 Delmar, Indianapolis, |
Indiana 46220.

Miniaturized adapter
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POCKET monitor receiver, crystal controlled, low
priced. Free catalog. JMD Electronics, 328 Madi-
son Avenue, West Hempstead N.Y. 11552.

PROXIMITY switch. Detects nearness of human
body. Free information. Claremont Products, 860
Reed, Claremont, Calif. 91711.

DIAGRAMS, service manuals. TV, radio, HiFi,
$1.06. Technical Services Associates. Box 1167,
Berkeley, Calif. 94701.

TYPEWRITERS, ADDING MACHINES, NEW.
$10.00 and less above dealer cost, save $60.00
and more. American made, home, student, and
executive line machines. Lowest prices any-
where for top quality guaranteed machines. De-
tails 50¢ coin refundable. Barr Typewriter Sales,
Box 347-A, Newcastle, California 95658. 26 years
of satisfied customers.

SURPLUS Electronic Equipment catalogue 10¢.
Bob-Frank Electronics, P.O. Box 1327, Harris-
burg, Pa. 17105

PLANS AND KITS

INTEGRATED CIRCUIT KITS: COMPUTER,
AUDIO, Others. New catalog free. KAYE ENGI-
NEERING, Box 3932-8, Long Beach, California
90803.

LATEST
ARCTURUS
SPECIALS

o Color focus rectifiers, 14,000 P.LV. at 1
MA, 99¢ each. 6.5 KV—79¢.

o Color TV yokes 70° & 90° types. Fit almost
all sets: $9.95 each.

® 1700 Transistor types—39¢ each.

e DS-501, 2N278 power transistor types.
Cat. # 349, 69¢ each.

o HEP170, Motorola HV/Current epoxy sili-
con rectifiers, 2.5 amps at 1,000 PIV,
49¢ each.

o Fully transistorized UHF tuners. Fit most
sets. Cat. #UHF567, $4.95 each.

o UHF tuners, 1 tube type. Fit most sets.
Cat. #UHF3, $3.95 each.
Complete listi of elect items at similar

hargam prices are available, Write for our latest
catalog. Minimum order $5.00, plus postage,

ARCTURUS
ELECTRONICS

CORP.
Union City, N.I. 07087 Dept. EW

502-22nd St.,

Phone 201 - UN4 5568

CIRCLE NO. 148 ON READER SERVICE CARD
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Dollar Sale I
EACH PACKAGE

MONEY BACK GUARANTEE

ZENER—DIODES
250-400 MW
1 EA 4V-6V-8V-10V

Si
Choice of Package

Bullet-Glass-Min-Metal

J 20-50V 3-800V 1 WATT
SR e 1 A 4V-6V-8V-10

2 WATT
12 to 60V
CHOICE OF THREE

MP 3 WATT
(RN 10 vnlt three for $1.00
0 2-1000V
] 1-1200V 10 WATT
mMP 12 to 60V THREE
7 4400V
0 3-500V SILICON-CONTROLLED
U 3000y RECTIFIER
[ 11200V . S
TO-5 PACKAGE
8 STUD 85-50\' 0 3-200V
510V i 3-400V 4-100V [ 2-400V
11 4-200V ] 2-300V
7 AMP
5_.0(,\2; Ll ‘51-_:!"(2,\' 0 4-50V 2200V
1 3-a00v 7 i-1000v 0 3-100v 0 1100V
20 AMP STUD 20 AmMP
1-50V 0 2-500V o e
700y Ti00y 0 2-a0v 0 1-300v
_40 AMP STUD GENERAL PURPOSE
SR ) 1-300% GERMANIUM
- TRANSISTOR
60 AMP STUD SIMILAR to 2N404
1 2.50V O 1100V ¥ UNITS

RADIATION FREE TUBE FOR COLOR TV
50.000 Volts. Replaces RCA 3A-3A or equivalent.
Guaranteed for life of set or 5 years. Eliminates heat
to prolong life of other tubes.

$8.99 each

SPECIAL
INTEGRATED CIRCUITS
Dual 4 Input Nand Gate Digital
Quad 2 Input Nand Gate Digital
J K Flip Fiop Master Slave Digital. .
Linear I C Operational Amp 709C Type.. ...

POWER TRANSISTOR
85 Watt Similar to 2N-212-1724-1208

|_ $1 HOBBY CORNER SPECIALS $1

SILICON RECT LOW V | COMPUTER DIODES
<1 AMP FAST SWITCHING
O 50 units $1.00 NO TEST
32 AMP 0 100 units $1.00
LOW VOLTAGE
[0 35 units $1.00
STUD MOUNT
15

AMP
0 25 units $1.00

HALF POUND
Rect, Diodes. Transis-
tors Etc. Each different

$1.00

NO SALES TAX—WE PAY POSTAGE
OTHER PRODUCTS ON REQUEST

PARK ELECTRONIC PRODUCTS

P.0. Box 78, N. Salem, N.H. 03073
603-893-0276

LET US TRY TO HELP YOU WITH YOUR ENG PROBLEMS

e —————
CIRCLE NO. 118 ON READER SERVICE CARD

ELECTRONICS ENGINEERING
AND INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at
home. Al Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento, Calif. 95820.

R.E.l’s famous (5) week course for the First
Class Radio Telephone License is the shortest,
most effective course in the nation. Over 989%
of R.E.I. graduates pass F.C.C. exams for 1st
class license. Total tuition $360.00. Job place-
ment free. Write for brochure Radio Engineering
Incorporated Schools, 1336 Main Street, Sara-
sota, Florida 33577—or 3123 Gillham Road, Kan-
sas City, Missouri 64109—or 809 Caroline Street,
Fredericksburg, Virginia 22401—or 625 E. Colo-
rado Street, Glendale, California 91205.

DEGREE  Electr

in  Electronics Engineering earned
mostly by correspondence. Free brochure. Dept.
G-9, Grantham Schoo! of Engineering, 1505 N.
Western Ave.. Hollywood, California 90027.

104

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation. Start February, September. Valparaiso |
Technical Institute, Dept. N, Valparaiso, Indiana
46383.

FCC First Class License in six weeks—nation’s
highest success rate—approved for Veterans
Training. Schools in Dallas, Atlanta, Chicago,
New Orleans, Minneapolis and Houston. Write
Elkins Institute, 2603C Inwood Road, Dallas,
Texas 75235.

F.C.C. License training by correspondence. G.1.
Bill approved. Money-Back Warranty. Free bro- |
chure. Write: Dept. Z-9, Pathfinder School of
Electronics, 1505 N. Western Ave., Hollywood,
Calif. 90027.

TUBES

TUBES—33¢ each. Year guarantee. Tuner Clean-
er $1.00. Free catalog. Cornell, 4213-W Uni-
versity, San Diego. Calif. 92105.

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-
chandise only! Serving engineers. Purchasing
Agents, TV/HiFi Servicemen and Hams for 20
years. Write tor Catalog or call 212-WA 5-7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, Al Brands—Biggest Discounts. Techni-
| cians, Hobbyists, Experimenters—Request FREE
| Giant Catalog and SAVE! ZALYTRON, 469 Jer-
‘ icho Turnpike, Mineola, N.Y. 11501.

TUBES—Ilowest prices in the world. Hard to get
lBritish, German, foreign and American obso-
lete and present day special purpose transmit-
ting tubes. Send for giant tube and parts cata-
1og. United Radio Co., Dept. W-56 Ferry St.,
Newark, N.J. 07105. 1

WANTED

QUICKSILVER, Platinum, Silver, Gold. Ores An- |
|a|yzed. Free Circular. Mercury Terminal, Nor-
‘ wood, Mass. 02062.

QUICK CASH . . . for Electronic Tubes, Semi-
| conductors, Equipment (Receivers, Transmit-

ters, Scopes, Vacuum Variables, etc.) Send lists |
‘now! Write: BARRY ELECTRONICS, 512 Broad-
| way, New York, N.Y. 10012 (212-WA 5-7000).\

|
| DO-IT-YOURSELF !

PROFESSIONAL ELECTRONICS PROJECTS—
$1.00 up. Catalog 25¢. PARKS, Box 25665A,
| Seattle, Wash. 98125.

| TAPE AND RECORDERS

} BEFORE renting stereo Tapes, try us. Postpaid
both ways — no deposit — immediate delivery.
Quality — Dependability — Service —Satisfaction— |
prevail here. If you've been dissatisfied in the
past, your initial order will prove this is no idle
boast. Free Catalog. Gold Coast Tape Library,
Box 2262, Palm Village Station, Hialeah, Fla.
33012.

| TAPEMATES make available to you ALL 4-TRACK
STEREO TAPES—ALL LABELS—postpaid to your
door—at tremendous savings. For free brochure
write: TAPEMATES, 5727 W. Jefferson Bivd.,
Los Angeles, California 90016.

RENT 4-track open reel tapes—all major labels—
8,000 different—free brochure. Stereo-Parti, 55
St. James Drive, Santa Rosa, Calif. 95401.
TAPE RECORDER SALE. Brand new nationally
advertised brands, $10.00 above cost. Amazing
discounts on stereo components. Arkay Elec-
tronics, 1028-B Commonwealth Ave., Boston,
Mass. 02215.

STEREO TAPES: CARTRIDGES, CASSETTES,
REELS, 33% DISCOUNT. UNAVAILABLE ELSE-
WHERE. MAIL 20¢ —CATALOGS. STAR RECORD-
INGS-EW, BOX 1055, EL PASO, TEXAS 79946.
CASSETTE blanks, also educational and lan-
guage, accessories and recorders. Literature——
write CASSETTES UNLIMITED, P.O. Box
13199-W. Pittsburgh, Pa. 15243,

TAPES . . . blank recording . . . pre-recorded
music. Catalog 10¢. Tower, Lafayette Hill, Pa.
19444,

STEREO TAPES, save 20, 30% and more, post-

paid anywhere U.S.A. We discount batteries, |

recorders, tape/cassettes, 80-page catalog 25¢.
SAXITONE TAPES, 1776 Columbia Road, N.W,,

Washington, D.C. 20009.

Electronies World

SUBSCRIBER SERVICE

Please include an address label when writing about
your subscription to help us serve you promptly.
Write to: Portland Place, Boulder, Colorado 80302

gIHANGIE tor innnzss: -;_‘_Aji'x LAB/E_Lj
ease let us know you
are moving at least r: o g:_g' '—J
four to six weeks in I% SRR I -
advance. Affix maga- a =
zine address label in | g |
space to the right and bt I
print new address be- | ik
low. If you have a =
question about your l <
subscription, attach | 5'
address label to your i al
letter. | e = |
T0 SUBSCRIBE: I el =
Check boxes below. 2 =1
[ New [JRenewal | 5 |
0 5years $26 B
O 3years $18 | - = |
O 1year $7 E a |
| SPECIFY: S 3
[ Payment enclosed— [ s |

You get 1 extraissue b e et ™ N 0 J
per year as a BONUS!
[ Bill me later.

Add'l postage: $1 per year uulside]
U.S.. its possessions & Canada.

nem s clecse print n

cadrecs

city

ttate zip-code

U.57GOV'T ELECTRONIC SURPLUS

= Nationally Known-World Famous SURPLUS CENTER cifers
finest, most exp . Surplus units and
components at a fraction of their original acquisition cost.

DRDER DIRECT FAOM AD or WRITE FOR CATALOGS
COMPUTER TRANSISTORS ON HEAT SINKS
{BM Computer Quality Units & RS

e (#22-928 ) -- it consists ol one 150-
wall  powet  transistor on  beavy, ribhed
aluminum  heat tlawy  experimental
uses, (11b

sk

Cost Goy't Over $10.00 $1.99
a (#22-915 ) - - Uit cunsists uf twe 150~
wall powci  transistars  § pota several
dides, Capaciiors resistrs . ote, on heayy,
nibbed aluminum heat sinks, loeal for use as
vator spred weaued, o4 1bs,)

cost tost over 1,00 94,91

RUNP;IING TIME METER

® (HDX-108) - - U'se to terard number of op-
erating hours of electric hights and electrical

o (#15-920 ) - -General Elecine 115-idt,
2 and Z4-volts o 50-watts,

5, @ 23valls, Gd-amps. at
1ia0lts, 1 seful for batten chargers, running
Bi’ motors, ete, 7% 1 57 x 3" (1K Ihs.)

Cost Gor'l Over $35.00 516.72
EXPANDED SCALE O - 15 DCVM

® { #21-900 ) Brand new, expensive volimeter

eas 9.5 ta 16-volts DO and 5 to S-volts. Verv useful

Iyi autimsairp and aicrall battery charge indicatar,

elc  1rirspusal movement, hlack phenolic case.
(3

1
"oy
& $12.95
SURPLUS TELETYPEWRITERS

Vist $32.50

one. cast
ner
$1300.00
SPECIAL ® A1so have hinated mumber slodel 19
$249.50 rleopeanters with pestanator, TataCom.
v

€. Wrile for Sale pore,

SEND 25¢ COIN OR STAMPS FOR CATALOGS
Meney Back Guarantee

All ltems FOB

LINCOLN, NEBR. 08501

OEPT. EW-109

ELECTRONICS WORLD | ¢iRCLE NO. 101 ON READER SERVICE CARD
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OLD radio programs cn tape $8.00 for 6 hours.
Catalog for 50¢. Don Maris, 824 Owl, Norman,
Okla. 73069.

STEREO TAPE TRANSPORT. Made for leading
manufacturer, two speed, pause control, 7”
reel, automatic tape lifters, with record, play-
back and erase heads. Mo case. Send check or
M.O. for $17.50 to Stereo Center, 218 Columbia
Street, Utica, New York 13502.

OLD RADIO PROGRAMS on tape. Jack ARM-
STRONG, Whistler, Gangbusters, hundreds
more. Sample 2-hr. $6.00, 4-hr. $9.00. Catalog
$1.25 or free with sample. NOSTALGIA, 9875
S.W. 212 St., Miami, Fla. 33157.

RECORDS

SPECIAL INTEREST RECORDS AVAILABLE, PRO-
DUCED BY THE EDITORS OF THE WORLD'S
LEADING SPECIAL INTEREST MAGAZINES.
SEND FOR FREE CATALOG. RECORD CATALOG-
EW, ZIFF-DAVIS PUBLISHING COMPANY, ONE
PARK AVENUE, NEW YORK, N.Y. 10016.

OLDIES—45 RPM—original hits. Over 4000 avail-
able. Catalog 25¢. C & S Record Sales, Box 197,
Wampsville, N.Y. 13163.

POPULAR organ atbums facE)ry direct. Concert
Recording, Lynwood, Calif. 90262.

HIGH FIDELITY

ﬁREE! gend for %;ey_sa;ng—s{w?)_c;tah—)—g
H#ELIOW and lowest quotations on your indi-
vidual component, tape racorder or system re-

quirements. Electronic Values, Inc, 200 West
20th Street, N.Y., N.Y. 10011.

HI-FI Components. Tape Recorders at guaran-
teed “We Will Not Be Undersold” prices. 15-day
money-back guarantee. Two-year warranty. No
Catalog. Quotations Free. Hi-Fidelity Center,
239 (L) East 149th Street, New York 10451,

DON'T THROW YOUR OLD CARTRIDGE AWAY.
Send us $50.00 and any old used cartridge and
we will ship you via air Prepaid anywhere any
one of the following Top Stereo Cartridges:
Shure V-15 Type tl, Empire 999VE, ADC 10EMK
Il. Stanton 681EE. Write for lowest quotations
all stereo components. Send $1.00 for our
discount catalog. DEFA ELECTRONICS, 2207
Broadway, New York, N.Y. 10024,

HI-FI components. tape recorders, sleep {earn-
equipment, tapes. Unusual Values. Free cata-
log. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

HI-FI EQUIPMENT—-GET Our ‘“ROCK BOTTOM"
prices on NAME BRAND amplifiers—tuners—
tape-recorders — speakers FRANCHISED — 60
YEARS IN BUSINESS. Write for this month's
specials—NOW! Rabson's 57th St, Inc., Dept.
569, 119 W. 57th St., New York, New York 10019

LOW, LOW quotes: all components and
corders. Hi-Fi, Roslyn, Penn. 19001.

DON'T THROW YOUR OLD CARTRIDGE AWAY.
Send us $19.95 and any o!d cartridge. We will
ship PREPAID any one of the following top
rated elliptical diamond stereo cartridges NEW:
Shure M75E, M31E, M92E, Empire 888E, Picker-
ing VISAME3, XV15 ATE, ADC 660E, 550E
Write for lowest quotations all stereo com-
ponents. Send $1.00 for our discount catalog.
DEFA ELECTRONICS, 2207 Broadway, New
York, N.Y. 10024.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90 . . . Trucks From
$78.40 . . . Boats, Typewriters, Airplanes, Muliti
meters, Oscilloscopes, Transceivers, Elecironics
Equipment. Wide Variety, Condition, 100,000 Bid
Bargains Direct From Government Nationwide.
Complete Sales Directory and Surplus Catalog
$1.00 (Deductible First $10.00 Order). Surplus
Service, Box 820-K, Holland, Michigan 49423,

PERSONALS

MAKE FRIENDS WORLDWIDE through interna-
tional correspondence. lllustrated brochure free.
Hermes, Berlin 11. Germany.

SECRET LOANS BY MAIL, Borrow $100 to $1500
for any good reason in absolute privacy. No
interviews, no endorsers, no co-signers. Fast
service. Write Dial Finance Co., Dept. K-594,
410 Kilpatrick Bldg.,, Omaha, Nebraska 68102.

HYPNOTISM

re-

i—'REE HyansrR Sglf-Hypnosis, Sleep —Learning.
Catalog! Drawer H400, Ruidoso, N.M. 88345.
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INTEGRATED CIRCUITS f

RECTIFIERS

SEMICONDUCTORS f TRIACS

TRIACS

PRV 5 AMP 10A |
100 | .80 | 1.20 |
200 | 1.46 | 1.75

|T"300 | 1.75 [ 2.28
|00 2.25 | 295
500 | 2.60 3.25

methods to trigger SCR's and
triacs

UNIJUNCTIONS!

stand off ratio of .6 and Ip of

12 with data sheet

SPECIAL $1.00

10 watt 7-1800v § .75

MOUNTING
HARDWARE KITS.

SCR’s Zeners and Rectifiers etc.
6x32 stud (3, 12 amp rectifiers,
7A SCR’s) 6 sets/$1.00
14x28 stud (30 amp. rectifiers,

20 amps SCR's.) 4 sets/$1.00

Post Office Box 74B

ZENERS750 Milliwatt 7-68v $ .40

ER900 TRIGGER DIODES. These |
bidirectional trigger diodes are |
one of the best and cheapest |

3/$1.00 |

Similar to 2N2419. RBB of 5-7

These kits are used to mount our |

[] 2N1163 a TO-3 PNP GERMANI-
UM TRANSISTOR rated at 35v

|

and a gain of 50 at 25 amps. $1.75 |

] N-CHANNEL FET'S T0-18 plastic
units, low noise, low teakage, 25 volts
source to gate, 50 ma gate current
Gain to 9000 umho's. $ .80

[J] NEON LIGHT OR NIXIE TUBE
DRIVERS. An NPN, T0-18, SI
Transistor, With a VCBO of 120
3/%$1.00

Silicon Power Rectifiers
PRV | 3| 12A | 30A

9030 8 BIT MEMORIES $3.95
LINEAR CIRCUITS

CA 3011 FM IF

AMPLIFIER $ .90
702C WIDE BAND DC AMPL. $1.95
709C OPERATIONAL AMPL.. $1.95
710C HI SPEED DIFF. AMP. .$1.95
711C DUAL COMPARATOR $1.95

DIGITAL RTL CIRCUITS

2-914 QUAD 2 input gates 1.25

900 Buffer $ .75
925 Dual 2 input gate expander

..... $.75

923 JK flip flop .. $1.00

| 2-923 Dual JK flip flops $1.50

Controlled Avalanche or
Epoxy Rectifiers 1 AMP.

100 ‘ 09| .30_[ .50 RV
200 .16 50 . 100 07 ‘
_ - 200 09
400 .20, .70 120 400 | .12 |
i | 600 | .18
600 | .30 100 1.50 ‘l 800 | 22 |
800 [40/125 180 R
1000 l 55 1.50 | 220 Silicon Control Rectitiers
PRV | 3A | JA | 20A | 70A |
| |7 s0 35 ‘45 .70
Terms: FOB Cambridge. Mass. | 100 | .50 | -65 | 1.00 | 4.00
Send check or Money Order. Include | 202 ! -73 .95 1.30; 8.00
Postage, Average Wt. per package | | 390 | -9011.25 | 1.70 |
1 Ib. No C.0.D."s. Mini b Order | | 4001 1.20 1 1.60 1 2.10_ 12.00
0.D.s. |7 500 | 1.50 | 2.00 | 2.50
$3.00 | | _60011.80 2.40 | 3.00 | 16.00 |
T 700 2.20 | 2.80 , i
Rated companies 30 days net 1000 1 5.00 /24.00

TATE

Somerville, Mass. 02143
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Send for our latest catalog featuring Transistors and Rectifiers; 325 Eim St., Cambridge, Mass.

OLID

Tel. (617) 547-4005

UNUSUAL

BARGAINS
B V‘ MAIL

SHOPPING MART

A selection of products avallable by mait tor readers of Electronics World.
All merchandise sold on money-back guarantee. Order by No Send check or M. O

concd R

clrcies

Super 6"
Astronomical Reflector

Shin ne nu wonders of ace explora.
Fe: ures l]lll“llllle(l & ove

] ground and noln.hed

lee\ mhxor aceurale to 14y wave,

18 BX achromatic fi |der scope.

48\ 96X 192X evepieces and Bar-

low o double or iple power. Rack

& pinion  focuser. ectr

irive w manual slow-maot

Henvy-dury equate
Compares tn

1. Netting
LN
%350

Pedest:
madels
Stock No. B85.086AK 5239 50 FOB
43," REFLECTOR TELESC
Stock No. 85 594 50 FoB
3 REFLECYOR YELESC
Stock No. 85,050AK

529 95 Ppd.

‘Bright Ideas’ in Unique Lighting

sources, black llght. projectors, ¢rys-

Big. new 100-page handbook packed
with facts. loaded with illustrations.
All  latest developments, applica-
tions, equipment. Covers sirobes.

tal and organic slides. color organs,

mirrors, polarized color. screens
light boxes, MuxicVision, ete. Rare
find  for bDusiness. homte. hobby.
fdeal for display 5. combos.
exnerimenters.  bobbyists Lar o x
117 jonseleaf paper punched to fit
3 ring binder add new develop-
ments as they happen.

Stock No. 9100AK $3.00 Ppd.

War Surplus! American-
made 7x50 Binoculars

Big savingsa! Brand new! Crystal-clear
viewing—7 power. Everv aptiea) cle.
ment is coated. An excellent might
glass—the size recommended for sat-
cllite viewtng. Individual eye focus

Exit pupil 7m Approx. tield at
1.000 yds. 1s 376 ft. Carrving Case
included. American 7 x 30's normally

cost $274.50. Our war surplus price
suves yon real moncy

Stock No. 1544AK $99.50 Ppd,
6 x 30 BINOCULARS
Stock No, 963AK $65.00 Ppd.

“Fish" With a Magnet

Go treasure hunting on the bot-

tom: Faseinatmg fun & sometimes
profitable. Tie a line to our 5-1b
Magnet—drop it overboard In bay,
river. lake or ocean. Trol} it ajong
bottom-—your *‘treasure’’ haul can
be autboard mmcuc anchors, oth-
er metal valuables. Ib I\Iaxznet s
war  surplus—Ain wp

Gov’t cost $50. L Ifts over ]50 lhs

Stock No. 70,571AK.$14.00 Ppd.

Jyaiibs (lifts 40 ihs.)
ck L570AK . $8.75 Ppd.
7:: Ihs nms 175 Ihs

.
Stock No. 70,572AK. 518 75 Ppd.

ORDER BY STOCK NUMBER » SEND CHECK OR MONEY ORDER * MONEY-BACK GUARANTEE

EDMUND SCIENTIFIC C

Long Wave Black Light Fixture

Lremely  versatile compacllv de-

ted. long wave (13200-4000 ang
slroms) hlack light (uln aviolet) fix-
ture. Has 8-wart, tamp with

‘filler—ellminates

built-in l|1nnl|||
shorter wave ultraviolet rays. Use
fdentify minerals, fungi. hacteris 1— -
cherk for surfice tlaws, oil
ledkage——perfect for
fhuorescent paper. paints, ch ay
ons. trace bowder. Incl. adjustable
aluminam Hector, push-nnll «witeh
connecting nlug. Mount vert.. horr.
Or on - corner o~ & 1t W
11”7 .

| StoCk No. 70,364AK $12.50 Ppd.
REPLACEMENT BULB
Stock No. 60, 12 AK. %4 S50 Pnrl

T FREE CATALOG
148 Pages—1000's of Bargams

Completety.  new 1970
edition. New items
categortes. 1llustrations.
Duzens of eleciriral and
electromagnetic PUrT&,
accessories. Enormons
selection of Astronoin-
h al Telescopes, Miecro-
opes, Rinocul nrs
.\Luzmners. Mag!
Lenses.  Prisms.
war surplus jtems:
for hobbyists, experi-
menters, workshop, factory. e

M :m)’ ’

BARRINGTON, N.J. 08007
NAME

ADDRESS -

CITY

STATE PARN

300 EDSCORP BUILDING
s BARRINGTON, NEW JERSEY 08007
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——GREGORY ELECTRONICS™

An Extensive Selection of
General-Electric
Progress Line 2-Way
Mobile Equipment

30-50 MHz Vibrator Power
14" Case Complete Access.

Fully narrow-band (Tx & Rx)

MA/E 13 6/12v, 30w $178
MA/E 16 6/12v. 60w 3198
MD/Y 16N 6/12v, 60w 138
Dynamotor Power Supply $ .
MT/16 12v, 60w

Transistor Power Supply $228
148-174 MHz Vibrator Power

14" Case Complete Access.

Fully narrow-band $198
MA/E 33 6/12v. 30w 0
MA/E 36 6/12v, 60w $228
Vibrator Power Supply .
FA/E 33 6/12v, 30w $188
MT/33.6/12v, 30w $228
MT/36.6/12v. 60w $248
450-470 MHz 15w Vibrator

Power Supply MA/E 42, 3148
with accessories .
MT 42 12v, 15w

Transistor Power Supply $198

450-470 MHz General-Electric
Progress Line Accents
10 watts, 12 volts/transistor power supply; front or
rear mount, Complete accessories. Model No. EG48S
Wide Band .$168 Narrow Band $188
EG 48CT (Trunk) EG 48CF (Front)

GE Progress Line Receiver Strips 25-50 MHz
Narrow Band $45. ......Wide Band $35.

Voice Commander Il

Fully transistorized, 148-170 MHz, portable,
1.Wwatt, complete wuth nicad batteries.

1 unit $148.

3 units—159, discount.. .. .ea. $125.80
6 units—309; discount... . ea. $103.60
Crystals & tuning if desired, add $45.

BATTERY CHARGERS
1 unit $16.

3 units—159, discount...... ea. $13.60
6 units—309%, discount...... ea. $11.20

Reconditioned & Used FM 2-Way Radio Equipment

We Buy Late Model Equipment for Cash
Send For '69 Catalog—

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-3000

—r GREGORY w.

BLECTRONICS e

CIRCLE NO. 133 ON READER SERVICE CARD

+ Don't confuse our
1st quality tubes with
seconds & factory rejects.

+ [f not shipped in 24 hrs.
your order free!

* Free! Mew catalog
wr|te today!

HYPNOTIC Sleep Learning recordings produce
| fabulous results. Details free. ASR Founda-
tion, Box 7021eg Henry Clay Station, Lexington,
Kentucky 40502.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

| SCIENCE Bargains—Request Free Giant Catalog
“’CJ"’'—148 pages—Astronomical Telescopes, Mi-
croscopes. Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., 300
]Edscorp Bidg., Barrington, New Jersey 08007.

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to
$3,000.00 monthly. Paid overtime, travel,
bonuses. Write: Universal Employment, Wood-
bridge, Conn. 06525.

| EMPLOYMENT OPPORTUNITIES

| CENTRAL INTELLIGENCE AGENCY. VARIOUS
EMPLOYMENT OPPORTUNITIES, U.S., OVER-
SEAS. INFORMATION, FORMS, INSTRUCTIONS,
|Sl .00. WESTERN DISTRIBUTORS, BOX 6293.F,
SAN JOSE, CALIFORNIA 95150.

| EDUCATIONAL
OPPORTUNITIES

LEARN ACCIDENT INVESTIGATION. Train at
home to earn $750 to $1.000 monthly. Car
furnished. Expenses paid, No selling. No college
needed. Full or spare time. Men urgently needed.
Free placement service. Write for FREE infor-
mation. No obligation. Universal Schools CZ-10,
]6801 Hillcrest, Dallas, Texas 75205.

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free (Courses Bought). Lee Mountain, Pisgah,
Alabama 35765.

LEARN WHILE ASLEEP, Hypnotize!
catalog free. Autosuggestion, Box
Olympia, Washington 98501.

INVENTIONS WANTED
YOUR Metal-Plastic producTs ‘made in Japan_.

Low cost. Information 10¢. P.O. Box 487-E,
Miami, Florida 33156.

Strange
24.2D,

frequency discounts, closing dates, etc.

INVENTORS! Receive free invention analysis at
no risk to you. Send for FREE disclosure form
today. New York Invention Service, Dept. 19,
160 Broadway, New York, N.Y. 10038.

PATENT Searches including maximum speed,
full airmail report and closest patent copies,
$6.00. Quality searches expertly administered.
Complete secrecy guaranteed. Free Invention
Protection forms and '‘Patent Information.”
Write Dept. 23, Washington Patent Office Search
Bureau, 711 14th Street, N.W., Washington, D.C.
20005.

INVENTORS! Sell your ‘invention for cash or
royalties! Qur client manufacturers eagerly seek
new items. Patented. Unpatented. Financial as-
sistance if needed. 25 years proven perform-
ance. For free information, write Dept. 25, Gil-
bert Adams, Invention Broker, 80 Wall St., New
York, N.Y. 10005.

STAMPS

RUSSIA high-value collection. 32 different Rus-
sia—some over 50 years old! Commemoratives.
Czarist Issues, Airmails, catalog price $2.50.
Special get-acquainted offer—all for only 10¢!
H. E. Harris, Dept. GG-54, Boston, Mass. 02117.
PINEAPPLE, mangoes, triangles, gorilla, Green-
land, 25 others 10¢ Approvals. Lichvar, 11808
Princeton, Cleveland, Ohio 44105.

MAGAZINES

BACK DATE MAGAZINES! Send needs. Midtown,
Box 917-EW, Maywood, N.J. 07607.

BUSINESS OPPORTUNITIES

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolin, 2016 Canton, Dallas, Texas 75201.

| MADE $40,000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof Torrey, Box 318-N, Ypsilanti, Mich. 48197.

JAPANESE Electronics New Products Monthly!
Specimen copy $1, deductible. Dee, 10639-W
Riverside, North Hollywood, Calif. 91602.
FREE BOOK 990 Successful Little-Known Busi-
nesses.”” Work home! Plymouth 345-M, Brook-
lyn, New York 11218.

CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning term

35mm, COD, PO, AC, etc.,
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single figure or group of figures or letters as a word. Symbols Such as |
count as one word. Hyphenated words count as two words. EW-1069

| I
| |
: g
| l
|
1
! 2 ‘ -
I e 7 ) 10 I
i
I _ |
!| 11 12 13 14 - 15 |
| |
| 16 17 18 19 20 I
|
I 21 p7) 3 % % I
I 26 27 28 29 30 :
I 3 32 33 34 35 =
| @ .50 Reader Rate _ |
| Words @ .85 Commercial Rate $ I
: Insert time(s) Total Enclosed $ |
|: I
E
I NAM =
|
| ADDRESS |
| |
} cITY STATE ZIP }
]
| l
| SIGNATURE ]
| WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one |
| Egrd 'oachhZupbbtigdo"tI\:;nb::‘smn;:t counted. (Publisher reserves right to omit Zip Code if space does not permit.j |
I unt each abbrevt .
I
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MAILORDER! How to prepare your own catalog
for pennies . . . without merchandise invest-
ment! Free catalog! Obie, 5711-EOQ 14th, Brook-
lyn, New York 11219,

$75.00 THOUSAND, home addressing! Long-
hand. Typewriter. Information, send stamped
self-addressed envelope. Brewster, Box 1348.SK,
Clearwater, Florida 33517.

MUSICAL INSTRUMENTS

SWISS musTcaI m;ements.iElectrical, Mechani-
cal. Spielman, 131 West 42nd, New York, N.Y.
10036.

RUBBER STAMPS

RUBBER ADDRESS STAMP $2.00.VSIGNATURE.
$3.50. FREE CATALOG. JACKSON, BOX 443.G,
FRANKLIN PARK, ILL. 60131.

MISCELLANEOUS

WINEMAKERS: Ffree illustrated catalog of
yeasts, equ.pment. Semplex, Box 122-76, Minne-
apolis, Minn 55412.

COLLECT political campaign buttons. A fasci-
naling hobby! Free 45 page photo list. Buttons,
Etc., Box 1460W, Los Gatos. CA. 95030.

AS YOU SCAN THESE COLUMNS, more than
170,000 inonthbly buyers of ELECTRONICS
WORLD are doing the same. These men are all
El:ctronics Professionals—individuals involved
actively in electronics from a business or hobby
viewpoint—they are doubly interested in those
advertisements which will enhance their careers
or their leisute hours. They look to the pages
of the ELECTRONICS MARKET PLACE for prime
sources of products and services of interest to
them. They will buy from you if your advertising
appears regularly in their favorite magazine.
Send copy and payment now using the handy
order form printed in these columns. Or, if you
want additional information write today to: Hal
Cymes, Classified Advertising Manager, ELEC-
TRONICS WORLD, One Park Avenue, New York,
New York 10016. REMEMBER: December issue,
on sale November 18th, closes October 1st.

pELU KE

AGAZINE
M CASES

ELECTRONICS
WORLD

@ The ideal way to save your valuable copies, keep
them well protected and make it easy for you to
refer to any issue at any time. This bold new design
is both decorative and attractive enough to enhance
the decor of any room. Each case holds a full
year s copies,

Constructed of reinforced fiberboard, these tough
and durable cases are covered in a rich textured,
leather-like fabric. The gold embossed back adds
to its elegance and makes each case a welcome
addition to your bookshelf, end table, desk—or for
that matter, anywher2 in your home or office

In addition to FElectronics World. cases are
available for any of your favorite magazines. They're

combination of titles ordered. To place your order,
please use the coupon below. (Outside U.S.A. add
$1.00 per case ordered)

Enclosed is $ . Please send Magazine
Cases for the titles indicated below @ $3.75 each
3 for $10.50, 6 for $20. (Outside U.S.A. $4.25
each; 3 for $13.50; 6 for $26.00)
TITLE
ELECTRONICS WORLD

QUANTITY

Check One:
[J Al Black [0 Maroon Back * Black Sides
Print Name
Address___

City

__State_ Fp
PAYMENT MUST ACCOMPANY ORDER

Cctober, 1969

only $3.75 each, 3 for $10.50, 6 for $20, in any |

ONE DOLLAR

Its the RE-USABLE Blis-Dor paks. only miniature parts WAREHOUSE

It eliminates buying expensive parts cabinets, s
schools, colleges, can JUST REACH OUT FOR

FUN, to open. HANG EM! STACK EM! STORAGE EM! READ EM! SAVE EM!

$25 SURPRISE PAK: transistors, rect, diodes, ete. ..
50 GERMANIUM GLASS DIODES, 1N:#1, IN4R no test

40 TOP HAT SILICON RECTIFIERS, no testiasst values

40 EPOXY RECTIFIERS, silicon asst, no test
40 PRECISION RESISTORS, T,-2W. 177 nsst values ..
30 TRANSISTORS, if, if. audio, osc. no test
60 TUBULAR CONDENSERS, to .omf to TKV, asst ...
50 DISC CONDENSERS, to.0omf npo. temp coef, asst
30 POWER RESISTORS, to 25 watts. to 24K ohms ...
10 VOLUME CONTRO1S, to 1 meg, switch too!
10 ELECTROLYTICS, to 100mf, tubulars too, ass
40 RADIO & TV KNOBS, asstd colors & styles .
10 TRANS'TOR ELECTROLYTICS to 100mf,
50 COILS AND CHOKES, if, rf. ant, ose, peaking. ete

65 HALF WATTERS, to 1 meg, 57 popular values too

2 MAGNETIC REED SWITCHES £lass sealed . . ™
(., Y0 PANEL SWITCHES, toggle. slide, micro, rotury ..

1400-PC. GLASS FIBER OPTIC KIT

It's Gifty!

1t's FUN!

it's Educational!

* Dazzling displays
% Triggers photo &
infra-red cells

OPTICAL SCIENTIFIC HREAKTHRIT®
Allows “hair thin™ glass fibers (2-ft Junk
to transmit & reciesr cold HRht energy of
any color, by anternsl reflectaen Bundled,
sacketed, st Ruides. nuopr, papes light
wround enrners, walls, even an circles, trig:
®eringe such devaces ax light sensitive tran
rators ahdes, sers Tt CUTS. BENDS,
AUTR ltke wire Only one’s
imagination confrnls it [0’y of uses
FREF  12-p¢ acvessory hit, with “how-te
A book et

Terms: adil postage. Rated: net 30, cod's 2564

Phone Orders: Wikefield, Mass. (617) 245.3829

Retail: 211 Albion. St., Wakefield, Mass.

GIANT ' XMAS’ CATALOG ON: Parts, Rectifiers.
Transistors, SCRs, [.C.’s. Equipment. 1 Q¢

LYNNFIELD, MASS
01940

N

values

% Make light “pipes”

°
A4

o
S’ \4 ?&
A5
R\

o that all hobbyists,
YOUR BLIS-DOR PAK

ouf S
Ehpe paRGA™
\_\‘5-D

i

EACH

5 "'IBM'" COMPUTER BOARDS, many trans, iliodes.
40 ''MICRO'' CONDENSERS, fortransistorcircuitry
50 TERMINAL STRIPS, 1 to » lug types ..
4 PHOTO ELECTRIC CELLS, hi. imb.. schematic ...
40 “'TINY'' RESISTORS, 1/10W. 577 too! o 1 mex

LOWEST PRICES ON
LINEAR AMPLIFIERS

Guaranteed! With Spec. Sheets!

6 for $5

~gusTER $2 2 2 3 tor %6
PM"KE“ .
Type Use
[J 702 D.C. Amplifier ...
[1709 Operational Amp . .
[1710 Differential Comparator
711 Sense Amplifier

HIGH VOLT
1AMP ¢
EPOXY METAL EPOXY JEPOXY /3

PIV 1.5A 2A 3AMPS
50 .06 .06 .15 Piv SAL
100 07 [].07 .19 2000°¢ 1.00
200 .09 [ .09 .22 3000 1.3
400 12 12 .31 4000 1.6
600 .16 .16 .43 5000 2.2
800 21 .21 .49 6000 2.9
1000 .32 .32 .79 8000 3.5
10000 3.9

Your subscription to ELECTRONICS WORLD
is maintained on one of the world’s most
modern, efficient computer systems, and
if you're like 99% of our subscribers,
you'll never have any reason to complain
about your subscription service.

We have found that when complaints
do arise, the majority of them occur be-
cause people have written their names or
addresses differently at different times.
For example, if your subscription were
listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to
renew it as “Bill Jones, Cedar Lane, Mid-
dletown, Arizona,” our computer would
think that two separate subscriptions
were involved, and it would start sending

CIRCLE NO. 116 ON READER SERVICE CARD

ABOUT YOUR SUBSCRIPTION

you two copies of ELECTRONICS WORLD each
month. Other examples of combinations
of names that would confuse the compu-
ter would include: John Henry Smith and
Henry Smith: and Mrs. Joseph Jones and
Mary Jones. Minor differencesin addresses
can also lead to difficulties. For example,
to the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us about
your subscription, be sure to enclose the
mailing label from the cover of the mag-
azine—or else copy your name and ad-
dress exactly as they appear on the
mailing label. This will greatly reduce any
chance of error, and we will be able to
service your request much more quickly.

SURPLUS ELEC

Now Bl
BETTE

r—-—MAIL C

: NAME: .. .iveerecrnns
| ADDRESS: ......crvmiecvianns
I CITY: e

FAIR RADIO SALES

E Catalog

Of The WORLD'S
FINEST GOV'T
TRONIC BARGAINS
GGER and
R Than Ever!

OUPON TODAY-——-

Dept. EW ¢ BOX 1105
LIMA, OHIO 45802

www.americanradiohistorv.com
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~ LIBERTY PAYS MORE!
WILL BUY FOR CASH

ALL TYPES:
* ELECTRON TUBES
SEMICONDUCTORS
* TEST EQUIPMENT

* Military Electronic Equipment

WIRE—WRITE—PHONE COLLECTI
We pay freight on all purchases—

LIBERTY OFFERS MORE!
PRESTEL FIELD STRENGTH
METER

{Model 6T4G)
Only

Slznﬂﬂ

F.0.8.
New York

* Never Anything Like It!
% 1-Man Can Do A Better Job than 3 in the

Same Time!
% A Gold-Mine for Antenna Installers!
Calibrated from 40 to 230, and 470 to 860 in 4
Bands Megahertz, from 10 to 50.000 Microvolts.
Nothing makes it easier to properly and speedily find
the correct place to install TV. FM and Communica-
tion Antennas. You can measure and hear the signals
with this 41, volt battery economically powered unit.

LIBERTY ELECTRONICS, Inc.

548 Broadway, New York, New York 10012
Phone (2)2) 925-6000

_CIRCLE NO. 122 ON READER SERVICE CARD

NEW G & G CATALOG

24 PAGES, crammed with Gov't Surplus Elec-
tronic Gear. Biggest Bargaln Buys in America! It
will pay you to SEND 25¢ for your copy—Re-
funded with First Order!

AN/APR-4Y FM & AM RECEIVER
“FB’* FOR SATELLITE TRACKING!
tih precizion lab instrument, for monitoring and
Neasuring freduency aml relnuve signal strength. 38
te 4000 Mc, In 5 tuning ranges. For 110 V 60 cycle
AC. Bullt-in power supply Orlzlnal clrcult
dlszr'u';lElncluded Checked out, perfect,

All Tuning Units Availlable for Above

i'l" - B8C-645 TRANSCEIVER 15 1tubes.
7 4353 to 500 Mc. Easily adaped for
P ¥ = Wiy voice or code on Ham. Mobile
I Lt Tele s~ Expertmental  and il
L r. zens' Bands, W tubes, less powe
A =Upply |n faelo1y Cartn
Brand ae
= SPECIAL PACKAGE OFFER: BC.B17
‘ransceiver Dynamotor and il u
cessories,  Including  mountings Antenna

iF
semblics.” control box, comnlete set of con
nectors. plugs. BRAND NEW

$96.95

TG-34A CODE KEYER. self-contalned. au ] =
teunatic, reproduces il practice signals »@w
from paper tape. 4L to 25 WPM . Built-in
speaker. Brand New, with tech. man $ 50 oy
ual. takeup reel and AC line cord 29 ~

ale practice tapes for ahove P.U.R. [k

ARC-5 VHF RECEIVER. TRANSMITTER.
MODULATOR 100-15,

R- :218 Recellver. “uh tubes

and erystal exe. Us

nd e=p $24.50

1'-2'3 Transmit}er w‘l!h tubes

mul rryvstals. HBrand New in

original earton .. . . ..., 52350

T-23 Used, less tubes $4.95

MD-7 Modulamr. with tubes,

exc, used 51250
ARB RECEIVER, ({1500 Kc & 1. 5 IB M

tbe, 6 hand. Combiete will tubes and dyn
Fxe. Used Cond. 534 50

SCR 274-N, ARC-5 COMMAND SET HQ!

Fre BRAND
Ran ze yDe U ed Nl’w
RECE|VERS, co mplete with Tubes
190.550 Kc. C-453 .$16.95 ..%23.50
36 Mc_. . ....BC-454 ..$16.50 .$19.50
6-9.1 Mg, C-45S .$14.95 17.95
1.5-3 Mc. 25 k" 19.50
e NSMITTERS Comnlete wlkn Tubes
4-5.5 Mc, 457 ] B85
i kB L A
g, E. 3 -1
2.1°1 Mc, A :”n';g.
-3 ML.. ... — .$12.50

25 % Deposit v\uh order. ba
I ——()l(—“ellllll'\ll(c in Full

il . shdpacms Foi
our warehouse. NYC. All merchandise subject to Drlor
sale .l price change

.,
@
w

G & G RADIO SUPPLY COMPANY

Telephone: (212) CO 7-4605
75-F7 Leonard 5., New York, N.Y. 10013
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148 Arcturus Electronics Corporation ....103
147 B & K oo 68
146 Bay Products, Inc. ...l 86
145 Belden Corporation SECOND COVER, 1
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FACTS MAKE FEATURES:

MDDEI. 630 V'U'M ::;(.:OEOf
Standard Of The Industry

SHIELDED
EASY TO CHANGE
WRUENENT 1 STANDARD BATTERIES

HIGH FLUX

MAGNET,

; SPRING

SIMPLE TO 2 % : BACKED
REPLACE y- ;

4 —FOR
RUGGEDNESS

SPARE FUSE

- COMPLETELY
MOLDE > CASE "WIRED CIRCUIT

One selector switch minimizes chance of incorrect set-

tings and burnouts.

i
Sacdli

4.4 ohm center scale, reads from 0.1 ohm up to 100 DC VOLTS 0-3-12.60-300-1,200-6,000

megohms resistance in 4 ranges.

at 20,400 ohms per volt.

AC VOLTS 0-3-12-60-300- 1,200-6000

20,00G ohms per volt DC sensitivity: 5,000 AC. O Telbe e

Attention to detail makes the Triplett Model 630 V-O-M a lifetime investment.
It has an outstanding ohm scale; four ranges—low readings .1 ohm, high AMRERES g tetesOImilLioHE
100 megs. Fuse affords extra protection to the resistors in the ohmmeter DC MILLI-

circuit, especially the X| setting, should too high a voltage be applied. Accu-
racy 2% DC to 1200V. Heavy molded case.

Y630A same as 630 plus 1%4% accuracy and mirror scale only $71.G0

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OH|() [fosideaserinseics in g

—
OHMS 0-1,00C-10,000.

MEGOHMS 0-1-100.

DC MICRO-

AMPERES

OUTPUT VOLTS: 0-3-12-

CIRCLE NO. 150 ON READER SERVICE CARD
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All that’s left of the great old
. Musicaster* is the size and the

mounting hardware. Everything else v!
[ is changed — and it’s all for the best.

Start with the silicone-treated weath-

®
erproof speaker. Changed from an 8"
u51cas r to a 12” Radax* With smoother re-
. @ sponse, better bass, yet the same high

efficiency and 30 watt power handling.

Protected by a Y%4” Acoustifoam*
' weather barrier sandwiched behind the
I ,00 ghille.
®

The enclosure is new, too. By using
a one-piece glass-filled polyester hous-

hd ' ing, we saved two pounds overall,
S n without reducing strength or utility.
@ The peripheral ducted port combines

with a fiberglass-filled interior to
smooth and extend bass response.

And don’t overlook the importance
of good looks. The clean, contempo-
rary lines of the new Musicaster will
get you quick architectural approval
where other uglier speakers would be
banned out of sight.

The net effect is a great music speaker
that also does full justice to voice. The
ideal combination for so many of your
multi-purpose sound installations.
And the mounting bracket still doubles
as a handle for portable use.

PR T T i L

Finally, you can choose from two
models, the basic Musicaster IA at
$69.90 net, or the Musicaster 11A with
horn-loaded T35B tweeter for ex-
tended highs and outstanding uni-
form polar response at only $88.50
net. Both cost a little less than the old
Musicaster; but they give you much

more to sell. Prove it to yourself today.
*Electro-Voice Trade Marks

ELECTRO-VOICE, INC., Dept. 1096N
629 Cecil Street, Buchanan, Michigan 49107

ElellhoYbres

A SUBSIDIARY OF GULTON INDUSTRIES, INC.

oz FOR INFORMATION ON E-Y PRODUCTS:

Microphones Musician’'s speakers/microphones

CIRCLE NO. 111 ON READER SERVICE CARD CIRCLE NO. 113 ON READER SERVICE CARD

Ba Speakers/Accessories High Fidelity speakers/electronics

CIRCLE NO. 112 ON READER SERVICE CARD CIRCLE NO. 114 ON READER SERVICE CARD
www americanradiohistorv com
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